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4 Extrait du Bulletin de I’Académie Polonaise des Sciences et des Lettres
3 Classe des Sclences Mathématiques et Naturelles - Sérle A. Sciences Mathématiques
E 1950 !
fé 3

O azeotropie ¢ teroskieduilosin w-heptan-henzen-ctanol-

] wod. On the Quaternary Azeotrope w Heptane-f.n-
; zen-Ethanol-Water. 1. 3
] Note 3

de M. W. SWIETOSLAWSKI ot K. ZIEBORAK,

1 présente e 300 Mars 1950 4

No quateruary azeotropes have been found as yet in spare of

the fact that in mimerous distillations of polycomponent systems b
some of these azeotropes ight have Leen accumulated m the
fractions collected 1n conrse of the distillation.

4 [t would be reasonable 10 expect that if two ternary azeo-
1 tropes A-B-Cand A-B-C" formed a quaternary one. the azeotropie
depression with respect to the lower botling ternsrv azeotrope
would be rather small
When carefully examining the disullation curve i the process
of dehydration of ethanol by a nnxture of benzene and that
fraction of gaselmo which contams predomimantly 1someric hep- 4
tanes, wo came to the conclusion that quaternary azeotropes i
formed by ethanol, water, benzenc and cach of the hepranes
shonld bo considored a~ most protable To prove tns asstmnp- 3
tion we used normal heptane, the sample of winch boiled at
. 98:60°C, (water used as primary ebulliometrie standard), and the
5 differonce found between the boilng and the condensation tempe-
1 rature determined in a ifferential ebullivmeter of stumdardized s
- dimensions (1) was equal to 138" The sample was characterized ;
] by the first degree of purity according to the rhulliometrie tost (2., E
-' Two corresponding tornary azeotropes were prepared bn a ca- P
; reful rectification and the following boiling temperatures were
3 found 6486°C and 6407° The differences bitseon the bo- 3
j: ling and condeusauon temperatures (-UUX and GO po<pec-

tivaly indicated fuat the contaminauons present m the benzene
and u-heptane had been removed by distillation In fact the first ;
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10 W. Swigtosiawski et K. Zigborak ]
azeotrope was characterinad by the fifth and the second by the 1
- fourth degree of punty, according to the same scale. 4
4 The ebulliometric method of detection of u yuaternary azeo- 3
3 trope has been described by one of us .33 Tt consisted in filling
3 a differentinl ebulliometer for purity test with the lower boiling 1
ternary azeotrope and in adding successively small amounts of the .:
higher boiling azeotrope After each addiuon of a new quautity 4
of this azeotrope one has to determine the bothing and the conden- ]
E sation temperatures and to plot them against the percentage of 4
the nuxture added Tf for both of the curves first a decre- 3

ase, then a minimuom point, and finally a further decrease
of both of the temperatures were noted, this would he a proof of
the existence of a quaternary azeotrope. This method could be
applied in our case with a sinall modification. In fact the higher :
boiling azeotrope was composed of two liquid phases for this 3
reason it was necessary to add successively n-heptane and
a mixture of water and ethanol prepared according to the compo-
sition of the azeotrope.

Side by side another differential ebulliometer filled with the
lower boiling ternary azeotrope (benzeno-ethanol-water) was placed
and put in to action to sorve as standard. For convenience
two Roberteau thermometers were used and transterred from vne ¢
ebnlliometer nto the other su that very small temperature changes
3 could be measured. We actually found the expected minima of
/ the boiling and condensation temperstures. Due to the small
: amount of nnpurities present 1 the n-heptave the munimum of

the condensation temperature was shghtly displaced toward tha
somowhat lower concentration of the azeotrope added. In Higure 1
the two curves are shown. The azeotropme deprossion with respect
. to the azeotrope benzene-sthanol-water was found to ba 041700, b

so that its normal buling temperature 1s 6 79°¢ 3
3 ludependently the guaternary azeotrope was prepared by 3
3 distillation. Practically the same bothng  tewmperature  withmn
4 00049 was found for thus eample [r was nsod fer determimmy
: the composttion  In table 1 dotatls of the analveas are given In
colmmn | the percentage of the two plase nuxture s giaer, 5
m columus 11 and 111 the weight percentagos of compouents for
the lower and for the upper phase are hstod.

9
4
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On the Quaternary Azeotrope. I.

11
TABLE I
1 )i 111
Component Weight o, | Weight ¢, | Weight ¥,
Benzene 624 118 185
n-Heptane 121 09 145
Ethanol 187 544 110
Water 68 32:9 10
100%/, 1009/, 100%/,
030
020
Q.10
‘ 0,
0.000CeHg* €2 HsOH 64.861 -
+H,0
o to‘\
0201 A
0 10 20 30 40%

Fig. 1. Boiling and condensation temperat*ea of mixtures of azeotropes
benzene-ethanol-water (I) and n-heptane-ethancl-water (1I) in the rangu
from 0 to 40 weight percents of (II).

In tablo II the densities m_xd the refractive indices of the
lower and of the upper phase are given.

TABLE II
Property Lower phase Upper phase
.
‘Density df 087712 08385
Refractive index ug 1'378% 1-4640
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i At 20°C t.l;e volume of the lower phase constitutes 172 per
cent of the total volume. This’ corresponds to 1785 per cont )
when referring to the weight percentpge. . . :
’ References. :
3 ' 1) W Swigtostawsky, »Ebulliometric Measurementse, pp. 16, 10, tig. 10. 1
’ Reinhold Publ. Corp. Now York, N. Y. (1945). |
3 2) ibid p. 80, § 50. 2 ;
3) ibid. p. 50, § 33. ]
i
Central Institute of Tndustrial Chemical Research. Warsaw, March, 1950.
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Extrait du éuuetln de 1’Académie Polo 1aise des Sciences et des Lettres
Classe des Sclences Mathématiques et Naturelles. — Sérle A: Sclences Mathématiques
- 1950

O azeotropie czteroskladnikowym utworzonym = benzenu,
etanolu, wody i izooktanu. — On the Quaternary Azeotrope
Benzene-Ethanol-Water-Isooctane. [1.

Note
de M. W. SWIETOSLAWSK! ot K, ZIEBORAK,
présentée le 30 Mars 1930.

The general considerations given in the preceding paper (1)
led us to the conclusion that isooctane should also form a qfia-
ternary szeotrope with benzens, ethano! and water. The structure
of the 2,2,4-trimethylpentane would favor the formation of this
azeotrope in spite of the fact that the boiling temperature 99-23 C
{found for our sample) was slightly higher than that of normal
heptane (98'60°C found in our case).

The experiments were to soms extent facilitated because of
the higher degree of purity of our sample. We found that the
difference in the boiling and condensation temperatures determined
by using the differential ebulliometer of standardized dimensions
was (:042° so that the preparation belonged to the third degree
of purity instead of being of the first degree as in the case of
normal heptane. Knowing by analogy with the quaternary azeo-
trope described in the preceding paper the approximate compo-®
sition of the quaternary azeotrope formed by isooctane, we pre-
pered in advance a mixture of this composition and we submitted
it to a ocareful fractional distillation using the ternary azeotrope
benzene-ethanol-water as standard. The differential ebullio-
meter for purity test (2) was filled with this mixture and wor-
ked all the time while the fractional distillation was being carried
out. The precision in condensation temgerature measurements,
after the corrections for the changes in barometric pressure had
been introduced, did n.t exceed 0-004°. The azeotropic depression
referred to the boiling temperature of the lower boiling ternary
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14 W, Swigtostawski et K. Zigborak

azeotrope was found to be equal to 0-174°—0-178°C, This depression
was greater by 010°C than that found in the case of the cer-
respouding asectrope formed by normal heptane with the. same
three eompoments. .

In teble I numerical data are given showing the composition
of the quaternsry szeotrope as a whole (column 1), of its lower
phase (column 1) and its upper phase (column TI). In table II
the densitiss snd the refractive indioes are listed. .

TABLE I

L3

1 I I
Weight ¢/, Weight */, Weight */,

Component

Benzene 616 I 115 %2
Isooctane . 141 12 170
\Ethanol 177 546 99
Water * 67 . 327 09

[ 00, | 1% | 1004

TABLE 11
e —

Property Lower phase \ Upper phase
Density 41 0-8766 08293
Refractive index #y 1:3782 1459

At 20°C the volume of the lower phase constitues 170 per
cent of the total volume. This corresponds to 1780 per cent
when referring to the weight percentage

References
1) W. éwiqtoslnwnk i, K. Ziqbor ak, Bull Acad. Sci. Polonaise,

1850 A. 9. |
c2) W Swiqt.o-lawski, » Ebulliometric Measurementse P- 80 § 50,

Reinhold Publ. Corp., New. York, N. Y. (1945).

Central Institute of Industrial Chemical Research. Warsaw, March, 1960
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M-1-19393 1

O azeatrépie czteroskladnikowym benzen, etanol, woda
i cyklokeksan. — On the Quaternary Azeotrope Composed
of Benzene, Ethanol, Water and Cyclohexane. 111.

h

Note -
de M. K. ZIEBORAK,

présentée par M. W. Swietontawskt le 30 Murs 1950.

In the preceding two papers(l,2) the formation of the qua-
ternary azeotropes have been described. Both these azeotropes
are characterized by relatively small azeotropic depressions, when
compared with the boiling temperatures of the lowest boiling

3 ternary azeotropes. As is shown m the paper which follows (3), one
b could expect that cyclohexane would be uble to form a quaternary ﬁ
i azeotrope with benzene, ethanol and water and would be charac- 3

terized by a greater difference between the boiling temperatures

of the ternary azeotrope benzene-ethanol-water and the quaternary

in which cyclohexane would enter as the fourth component. j

The same conclusion could be drawn from the fact that the

boiling temperatures of two ternary azeotropes beuzene-ethanol-

water and oyclohexane-sthanol-water differ considerably less from

each other than those which characterize the ternary azeotropes

formed by sthanol and water with the two hydrocarbons mentioned 3

; n-heptane and isoootane (2,2, 4-trimethylpentane). 2
g For carrying out the experiments relatively pure oyclohexane
was submitted to seven fractioual crystallizations. The boiling
temperature of the purest fraction was found to be 80-60°C,
compared with 80119°C for benzene as standard. The ebullio-
metric purity test (0-049° for the difference between the boiling _
and condensation temperatures) showed that 1t was of the third

; degree of purity.

Ml Declassified in Part - Sanitized Copy Approved for Release 2014/06/19 : CIA-RDP80-00809A000100150013-5
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Two ternary sazeotropes, benzene-sthanol-water and cyclo-
hexane-ethanol-water were prepared by a ocereful fractional
distillation and the main fractions were collected into two dif- 3
ferential ebulliometers with standardized -dimensions (4) the ebul-
; liometric purity test of these azeotropes was examined (5) by '
measuring the differences between the boiling and the condensation
temperatures of the two azeotropes. Values 0:005° and 0:130°
were found. According to the ebulliometrio scale of purity the 3
ternary azeotrope containing benzene was of the fifth, the other
containing cyclohexane of the first degree of purity. The assumption
E that the main contaminant in the azeotrope containing cyclohexane
! was benzene seemed to be very probable. If so, the beniene k-

content could be determined when éxamining the increases in the :
difference between the boiling and condensation temperatures of
the ternary azeotrope cyclchexane-ethanol-water produced by the ;
E: increase in the amount of ti.» ternary azeotrope in which cyclo- 4
hexane was replaced by be:~ene. Into each of the two differential ]
ebulliometers in whish the main fractions of the two ternary
azeotropes were brougnt to boiling, known amounts of another
ternary azeotrope were successively added with the purpose of
establishing the boiling and condensation temperatures of all the
mixtures in which the amounts of both the ternary azeotropes
changed from O to 100 percent. In Figure 1 the boiling and the
condensation temperatures of all the mixtures are presented. p.
The two startipg points in the diagram, 64:86° and 62:73°C, ;
correspond to ‘the normal boiling and condensation temperatures
of the two ternary azeotropes. As expeocted, the originaladifference
At=0130° between the boiling and condensation temperature
of the ternary azeotrope containing cyclohexane gradually decreases
with the addition of the ternary azeotrope containing benzene.
: This was an indication that one of the impurities found in the .
i cyclohexane sample was benzene.

The two curves shown in Figure 1 indicate distinctly that
the quaternary azeotrope benzgne-cyclohexane-ethanol-water was
really found, and that the azeotropic depression referred to the {
boiling temperature of the lowest boiling azeotrope fluctuated within 3
the limits from 0529 to 0-53°C. The same depression calculated
for the condensation temperature was 042° It 18 difficult to
oonclude which value is closer to the real azeotropic depression.

=
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3 On the Quaternary Azcotrope. 1II. 17

E It depends mostly upon the nature of the contaminations present

in cyclohexane, If they form a quaternary azeotrope boiling lower

than the quaternary azeotrope formed by cyclohexane, value 3
] 052°—0-563°C would be closer to the real azeotropic depression. 3
On the contrary, if the contaminant is a higher boiling hydrocarban, §
-0-42°C would be closer to that value.

. 65 65
CaHg + C2Hs0H » Hy0 64867

63 63

? f e T -_---_.62.- !.9_13_. ke
62] . 162 3

O 10 20 30 40 50 60 70 80 90 /00
Fig. 1. Boiling and condeneation temperatures of mixtures of azeotropes
benzene-ethanol-water (I) and cyclohexane-ethanol-water (II) in the rapge
' from 0 to 100 woight percent of (II).

To prove which assumption is correct, the quaternary azeo- 3

trope under investigation was prepared by a careful fractional 3

§ distillation by using s starting mixture that which had the
3 compositon indicated by the point corresponding to the minimum
on the curve. Values 0:41°C an® 0-006° were found for the
4 azeotropic depression and for ebulliometric purity test resulting
: from a direct comparison of the boiling and condensation tempe-
Balistin 1L A. 1850. ' 2
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7‘ } - rﬂm]‘,_pt the quaternary eugemp& Tt was found that the sample
, ' wis, ¢fiithe fifth degree’ of.parity. Another experimént consisted

Lot £, 0

in preparing by very carefal frdntiopal -distillation & new eample
of the ternary ageotrope cyploh&i’nmhanol-wuber, which was 3
found to be of the fifth degres of purity aocording to the ebulliometrio :
1 test. When adding to that apeotrope the other one containing 4
1 benzene, the minipum on the curve was found charaoterized by
4 the azeotropic depression 0°41°C. Differences 0-006-—0-012° between
the boiling #nd condensation temperatures have characterized all
the mixtures from the point representing the pure azeotrope
cyclohexane-ethanol-water up to the other being gight on the

minimum. i
The figures given below are: ]
1. Normal boiling temperature of the ternary azeo- 3
E trope oyclohexzne-sthancl-water ’ 62:60°C._ 1
1 2. Normal boiling temperature of the quaternary ageo-
: trope oyoloheiane—ethanol-waber-benzena 62.19°C.
1 3 Compositjon of the quategnary azeotrope. 3
Component Weight /s 3
Cyclohexane . 540
Benzene 215 3
Ethanol 174 4
Water 71 4

All the details of this investigation will be published in a paper
dedling with the general problen of dehydration of ethanol by
using mixtures f benzene and the so-called special narrow range

gasoline fraction of Polish origin.

'

References.
1) See the preceding two papers.
2) See the preceding two papers.

3) See the two papers which follow.

4) W. Swigtostawski, +Ebulliometric Measurementse, p. 18, fig. 10,
Reinhold Publishing Corporation, New York (1943). 3

5) ibid, p. 80 § 49. 3
Central Institute of Industrial OChemical Research. Varsaw, March, 1950.
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O zasiggach azeotropowych azeotropéw dwu- i tréjskiad- 3
nikowych VI. — On the Azeotropic Ranges of two and E
three Component Azeotropes VI. E

Note
de M. W. SWIETOSLAWSKI, .

3 présentée le 16 Mars 1951 par M. W. Swigtoslawekim. t.
o et M. W, Kemula m.c.

Several months ago K. Zigborak and the author of this
paper presented a series of papers (1), in which three quaternary .
azeotropes and the general conditions of the formation of ter-
nary and quaternary azeotropes were described. The term azeo-
tropic range of an agent with respect to a series Hy, H,... Hy
of homologs, their isomers and compounds of very similar com- -
position, was introduced. The usefulness of this term as well as
of the expressions stangent or almost tangent azeotropes and
zeotropese was proved.
Further investigations associated with the studies on ternary * 3
and quaternary azeotropes have stimulated us to extend the term ;
azeotropic range to binary and ternary azeotropes. The following E
example may Jjllustrate what should be kept in mind when exa-
mining the azeotropic range of an ezeotrops.
Assume thet agent A forms binary azeotropes with the series 4
H,, H,... H,, with the range Z,(H)=Z,+4 Z,; where Z4(H).cor- i
: responds to the difference in boiling temperatures tg, —tn, of °
T3 two substances H, and H, characterized by tangent or almost
E tangent isobars when each separately mixed with agent A. Sup-
pose that agents B and C form binary or ternary azeotropes
with A:(4, B) and (4, B,C) on the one hand, and with the repre-
sentatives of the series H,, H,...H, on the other, This means ,
that the azeotropes (H;, C; and (H, B,C) are formed, where H, is
] one of the representatives of the series under consideration. In
3 this case it may be expected that the azeotropes (4, B) (4, B,C)

3
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under examination are also cha¥acterized by the azeotropic ranges
Z,p (Hy, B) and Zas,c(Hy B,0) corresponding to the differences
in boiling temperatures of two binary 4, 5—1%g,2 =Z, 5(H,, B)
or two ternary azeotropes !m, 5,c— g, .= Z4,p,c(H;, B, €) which
form tangent or almost tangent isoburs with the binary azeotrope
(4, B) or with the ternary (4,5,C). ;

In fig.1 the simpie scheme of the formation of the binary §
azeotropes: A, H; is shown. It is clear from the graph that the

tue

Fig. 1. Fig. 2.

azeotropic range Zu(H) is composed of two soctions, Z4(H)=
= 24+ Z,, where Z, is the lower and Z, the upper part of the
_ range. Fig.2 corresponds to the scheme in which the general
3 case of the formation of three series of azeotropes (4, H), (4, 8, H))
and (4,3,C H) is graphically represented. For simplicity it is
assumed that the azeotropes of all the types, (4, H)), (A, B, Hy) |
and (4, B,C, &), form tangent or almost tangent isobars having
the same components Hj and H, (see fig. 2). In fact it was men-
tioned in onme of the previous papers (2), that relatively small ;
1 1 shifting might occur. In principle, however, the whole scheme ]
(with some insignificant changes) may be accepted as represen-

' ting the real relations between the binary, ternary and quater- - i
| nary azeotropes formed by agents A,B and C with the series *
} H, H,...Hy of homologs, their isomers and other closely related g
! compounds. 1

i
L
3
4

£ e
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. ' Main and secondary azeotropic agemts

Suppose that we examine the concentrations of cach of the 3
3 substances forming binary, (4,K.,), ternsry (4,B.H) and quater
E nary (4, B, C, H) azeotropes with the sexviez &, H,... H,, in which
H is one of the representatives of this series, The areotropic
agent A characterized by the lowest azeotropic range Za(H):

ZA D)< Z3(H) < 2¢(H)

will be called below the main azeotropic ugent and the 3
other two agents B and C, the secorndary azeotropis /
agents. This olassifivation is essential for the proper under-
steading of the role played by theae agents and the relations

T

R AT

Jsis

pitsrs

3

which exist in the concentration changes of each of the com-
ponents in the series of ternary and qusternary azeotropes exa- E
mined.

In fact, it can be seen from the graph, that the concentration
of component A changes from its highest concentrations at points
tAr*‘A,ﬂ, f"g.c in which t.a.ngent isobars are formed with E‘,
(Hy, B) and (Hy, B, C), respectively, and it reaches its gero values
in points ?p,, tg,n and Iy, pc ot which substance 4 or its cor-
responding azeotropic mixtures with B or with B and C form
tangent isobars at these points.

The highest concentration of A at ¢, is 100 per oent, at £, »
it corresponds to the concentration of A in the binary azeotrope
(4, B), and at t,4p5c to that in the ternary azeotrope (4, B, C).

The same concerns the concentrations of component X,
which represents each time one of the substances of the series
from H, to H,. As for the highest boiling representative H,, its
4 concentration is equal to zero per cent at points Z,, £, and
tasc (fig. 2), and the concentration of the lowest boiling sub-
stance X, is equal to hundred per cent at #5, and to the con-
centrations found in the binary azeotrope (H,, B) at point a0 :
and in the ternary azeotrope (H,, B, C) at point ‘g, pc The {
E concentrations of other compounds lying in the series between
E Hy and H, increase gradually within the limits given above.

Quite different is the role of the two secondary azeotropic
agent B and C. They may be cousidered ss agents accompany-

~
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] 90 W. Swigtostasoski:

ing the main components, which are the main agent A and
the substances of the series H,, Hy... B, Agent B is present us
the third component in sil the ternary azeotropes of the type
(4, B, H) sund its concentration undergoes relatively small changes
depending to & large extent upon the boiling temperature of the
azeotrope. The replacement of H in the series by another, say
H,, exerts an insignificant effect on the change in concentration
of component B. The same may be noticed concerning the fourth
component C in quaternary azeotropes of the type (4,B,C, H)
The changes 1n concentration of both vhe secondary azeotropic
agents depend mostly upon the boiling temperature but not upon
the nature of the component H, or upon the concentrations of
A and H,; in the series embracing the whole azeotropic range
Zapc(ABH)=1a8.08 " $4,8.0.H, .

The usefulness of the new terma introduced and the proof
of the scheme shown in fig. 2 may be seen when examining the
; case of three quaternary azeotropes composed of benzene, ethanol
¢ and water as three common constituents of three quaternary
azeotropes (B, E,W, H) in which B stands for benzene, £ — for
ethanol, W — for water, and &, is one of the three bydrocar-
bons: normal heptane, isooctane (2,2,4-t.rimathylpentaue) or ¢y- 4
clohexane. In Zieborak's paper, which follows, the scheme shown 3
in fig. 2 i8 replaced by another in which the six substances men-
tioned above play their role in forming three quaternary azeo-

1 tropes.

1 From the considerations given above it may be conclnded
that empirical equations may be found for establishing the con- 1
contrations of A snd X, and the boiling temperatures of the 2
ternary (4, B, H) and quaternary (4, B,C, Hy) azeoffopes in a si-
milar way as has been done for binary azeotropes composed of

. agent 4 and series of homologs Hjy, H,... H,. As for the changes

: in concentration of the secondary &zeotropic agents B and G,

| the establishment of empirical equations seems to be & simpler
problem. The number of ternary ‘and yuaternary azeotropes of
the type considered in this paper is too small for the undertak-
ing of such a calculation. More facts should be established and |
further series of homologs should be examined in order to prove ;
definitely that we are following the right way.

]
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=‘~ On the Azeolropic Ranges of Polyazeotropic Systens 91 3
‘ Summary
2 1. The term azeotropic range has been extended to include :
binary and ternary azeotropes formed by en sgent 4 and a se- 4
> ' ries of homologs, their isomers aud closely related substances. 4
3 2, The term main azeotropic agent 18 used for the subatance
E characterized by the lowest value of the azeotropic range.
3 3. The term secondary agents is suggested for those compo- E
azeotropes 3

ternary and quaternary
b

pents B and C which form
H) where H, is one of the

’ of the type (A,B.H) and (4,B,C

substances of the series Hy, Hy . Hae .
4 It is shown that 4 and H, replace each other wholly or

3 in part in the geries of ternary and quaternary azeotropes. Com-
ponent B is always present in all azeotropes of the type (4, B, Hy)

or C and B in quaternary azeotropes (4,B,0, H,)). Their conoentra-
ly upon the boiling temperature of the azeo-
nature of A and H;.

tions depend most
trope and to & smaller extent npon the

d which illustrates in & clear manner ’
ternary and quaternary 2300~ .

5. A scheme is presente
the conditions under which binary,

H) and (4,B, C, Hy) may be formed.
chemical Laboratory,

o

0
@
ko,
g

tropes of the types (4, B,

Central Instituta «f Tndustria} Research, Physico-

Cniversity of Warsaw.
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3
O aczeotropach ceterosktadnikowych utworzonych pr-.ex
b weglowodory parafinowe i naftenowe = benzener, etano- 1
lem i wodq. VII. — On the Quaternary Azeoiropes Formed 3
9 by Paraffinic and Naphthenic Hydrocarbons with Ben-
zene, Ethanol and Water. VIi. ki
3 Note
. de M. K. ZIEBORAK, :
P présentée le 16 Mars 1951 par M. W. Swigtostawskym. L. ]
et W, Kemuls m. c. . ;

In a series of papers on ternary and quaternary azeotropes (1)
three articles have dealt with quaternary azeotropes obtained by
a careful rectification of mixtures of benzene, ethanol, and water
with n-heptane, 2, 2, 4-trimethylpentane (isooctane) or cyclohexane
respectively. These investigations have been initiated after a series
; of fractional distillations of & mixture of gasoline, containing hy-
v drocarbons boiling in the range from 93° to 109°C (according p:
4 to Engler 96° to 103°C), with benzene (B), ethanol (E), and i
i water (W), have indicated that a series of quaternary azeotropes
of the type (B, E, W, H;) has been formed in the column and
1 collected in the receiver. The purpose of this paper is to present

on one diagram the date obtained and to submit & discussion on

the phenomena observed.

The experiments consisted in adding to the ternary azeotrope
4 (8, E, W) successively known smounts of another ternary azeo-
3 trope (H., EY W), where H; gtanda for n-heptane, isooctane or 3
cyclohexane respectively. In some particular cases, e.g when ]
cyclohexane was used as the fourth component, known amounts
of the sazeotrope (B, £, W) have been added to the azeotrope
cyclohexane-et.hanol»water. In figure 1 the corresponding Gia-
gram is shown. Details of the performance: of the experiment?
E: and all numerical data will be pnblished elsawhere (3). The avalyss : ,
: of the graph shows that the quaternary azeotrope benzene-ethanol- ‘
water-n-hoptane may be considered as almost tengent. In fact E ()

b it

o
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62 3

0 20 490 60 80 I100XBEwW

Fig. 1.

derably higher boiling temperatures than n-heptane, it should
be concluded thai the quaternary azeotrope under coffsideration
is the last in the upper part of the dugram. The quaternary
azeotrope 2, 2, 4 trimethylpentane-benzene-ethanol-water is cha~
rdcterized by & somewhat higher value of the azeotropic depres-
sion: Al=tn,g‘ w— IB.’;. woH =0-170°C.

The third quaternary azeotrope with cyclohexane as the fourth
component 1s characterized by a considerably lower normal boiling
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On the Quaternary Azeotropes 9

temperature. If we call azeotropic depression the difference be-
tween the lower boiling ternary azeotrope and the quaternary ons,
then we find that the azevtrope benzene-ethanol-water-cyclohexane
boils at u temperature 041°C lower than the terpary one com-
posed of cyclohesane- ethanol- water. It is evident from the graph
that the fourth component A, of the azeotrope (B, £. W, H,), which
will be characterized by a tangent or almost tangent isobar, should
boil in the range from 68° to 72°C.

If we assume that the boiling temperaturs of hydrocarbon A,
1s equal to 68°C, it would practically coincide with the tangens
bmary azeotrope (B, H ) formed by benzene and H,.

The scheme shown in fig. 1 demonstrates the usefulness of
using the term azeotropic range not only for the individual che-
mical compounds z,(H) with respect to a series of homologs
and their isomers H,, H,... Ha, but also for binary and even ter-
nary azeotropes, In this way the azeotrope (4, B) may be charac-
terized by a range Z,, 5(H, B) with respect to a series of binary
azeotropes (#,, B), (H,, B)...(H,, B) etc. In the preceding paper(2)
this 1dea has been discussed in general terms. From the conside-
rations given in this paper it follows that the concentrations of
benzene and the hydrocarbons playing the role of the.fourth
component replace one another in the series of quaternary
azeotropes. For this reason Swietoslawski suggested that
benzene should be called the main azeotropic agent (2). The con-
centrations of ethanol and water undergo changes within very
restricted limits. In some cases the precision of the analysis does
not permit the establishment of any regularity, which might be
expected on the basis of the theoretical considerations.

Below a table is given in which the azeotropic concentrations
of benzene, ethanol, water and the fourth component are listed.

Concentrations of components in quaternary azeotropes.

l Component %/, Cyclohexane "/s 2 2,4 Trimethyl- /, n-heptane

I pentane
Benzene 215 615 624
Ethanol 174 177 187
Water 1 67 68

! Fourth component 540 141 120
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The columns containing numerical data are headed by the name
of the fourth component. i
‘ From the table given above the following conclusions may be
4 made:
1 1. The concentration of benzene incrsases with the increase 3
3 in boiling temperature of the quaternary azeotrope.
4 2. ‘The concentration of the fourth component decreases with ]
] the increase in boiling temperature of the quaternary azeotrope.

3. The concentration of ethanol undergoes a slight increase
when passing from cyclohexane through 2,2,4 trimethylpentane ;
; to normal heptane. ;
3 4. No regularities can be found for tho change in concentra-
3 tion of water. The latter may be explained by difficulties eu-
countered in carrying out the analysis, The concentration of water
is found from the difference 100 — X¢;,, where ¢, represents the
concentrations of all the remainmng three components.

It 1s very probable that the concentrations of water should
exlubit a slight increase in the same way us the concentrations 4
of ethanol, because the contents of these agents, called by Swie- 3
toslawski ssecondary« or saccompanying: agents, depend pri- 3
mai'y upou ‘he boiling temperature of the azeotropes. E

Contral Institute of Industrial ‘lesearch and Physico-chemical Labora- 3
] tory, Umversity of Warsaw K
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3 2) Communication VI of this series, see the preceding paper. 5 i
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4 O metodzie oznaczania zasiggéw azeotropowych. VIII.
9 On the Method of Azeotropic Range Determination. VIII.

’ Note :
de MM. W. 8"/{ TOSLAWSK] and A. ORSZAGH,

présentée le 16 Mars 1951 par W. Swigtostawski m t
et M. W, Kemula m. ¢c.

1. Azeotroplc ranges and their signiffcance

In one of the previous papers on azeotropy (1) the usefulness
of the term azeotropio range of agents with respect to a seres 4,
H,...H, of homologs, their isomers and other chemically related
and similar compounds has been shown. For convenience in fig. 1
the general scheme is presented, in which not only the azeotropic
range Z(H) of agent A with respect to the series of substances
(H) but also the azeotropic ranges Z4 a(H,B) and Z,4, ¢, c(H,B,0) ;
of the binary and termary azeotropes (4,5) and (4, B,C) with E
respect to the series of binary (H;B) and ternary (H;, B, C) azeo- :
tropes are shown. In the last two cases, the ranges Z, s(H, B)
acd Z, g c(H, B, C) correspond to the differences:

E Zu5(H, B)=1tu,p — tu,8 ‘
Z,;. a(H, B, C) = fy"&c —_ tH,'B.C

RO S TSN T

provided that in all cases we have the same representatives H,
and #, which either alone or accompanied by B or by B and C
form tangent or almost tangent isobars with A and with the
E aveotropes (4, B) and (4, B, C): respectively. Let us remember that 3
. agent A, characterized by the lowest value of the azeotropic range

4 Za(H), as compared with the ranges Z.(H) and Z¢(H) may be

i called the main azeotropic agent (1. The two other substances, )
4 B and C, are called »secondary azeotropic agentse. They accom-
pany all the ternary and quaternary azeotropes formed by the
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binary ones (4, B) and (H,, B) on the one hand and (4, B, C) and 3
(H,, B, 4) on the other. The reason why such a definition seems
to be convenient is given in paper VI of the same series of
communications on azeotropy.

It is easy to understand that difficulties would be encountered
if it were intended to determine the azectropic ranges of some
substances with respect to the series (H). In fact one would be 3
forced to use a relatively large number of pure representatives 4
of the series (H) in order to measure the azeotropic deprgssions ;
and concentrations for those azeotropes. Taking this experiment- g
ally collocted material as a basis it would be possible to extra- i
polate the boiling temperature of the two representatives I, and
H, which form tangent or almost tangent isobars with .. The
problem becomes even more complicated if it is desired to find 4
the azeotropic ranges of the binary or even ternary azeotropes '
j Z 4 5(H,B) and Z,, g ¢(H,B,C). For this reason, for some time we '
3 have been using another method which is characterized by sim- k-
plicity in operation and by usefulness in its practical application.

2. Determination of the azeotropic ranges of agents forming 7
azeotropes with hydrocarbons k

The azeotropes formed by paraffinic, naphthenic and aroma-
tic hydrocarbons are the most important on account of their nu-
merous practical applications. This is why we have paid much
attention to different fractions of gascline and petroleum frac-
tions constituting a natural source of the series H,, H,...H, of 3
homologs, their isomers and chemically similar compounds. We
now very often use these mixtures for determining the two boiling :
temperatures, the first at which the azedtropes with agent A
start to be formed and the second at which no more azeotropes
(4, H;) can be found in the distillate. In doing so we can follow
two different ways: first by the chromatographic method we can
remove from the gasoline all the aromatic hydrocarbons present b
in it, secondly, we can neglect the influence of small percentages
E of aromatic hydrocarbons and we can apply either gasoline mix-
b tures or of those containing higher boiling hydrocarbons without
3 purification. Experiments proved that different petroleum frac-
tions, including petroleum ether snd gasohine, could be directly 4
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1 used. The differences in the azeotropic concentrations and boiling

3 temperature depressions of naphthenes when compared with those

observed in the series of paraffing are in the cage of t|
(4, B, H) and quaternary (4, B, C, H) azeotropes so
they do nct change in any ap

ie ternary g
small that
preciable manner the values found
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Fig. 1. Schowme showing the for-

mation of binary, ternary and qua-
ternary azeotropes by agents A, B,
and C with a series of homologs
and their1somers, 24 (#), Za,B(H, B)
and ZABy,c(A,B,C) are the az00-
tropic ranges of the substances A
and of two Azeotropes (4, B) and

Fig 2. DistiUing curve (%, 1, ¢) of
& mixture of homologs and their
isomers and chemically related sub-
stances.; f4 represents the boiling
point  of the azeotropic agent;
?, and ¢, the temperatures at the
start and at the end of the distil-
Jation.

(4, B, C).

1Y

or extrapolated for those mixtures which
or almost tangent azeotropes. These rem
fore the description of the method used

Let us assume that the shape of the distilling curve of gaso- 4
line has been established by plotting the condensation tempera- 4
tures of the distillate against the volume or weight percentage
of the fractions (fig, 2. Suppose fhat the column is charac-

are classified ag tangent
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as completed at 2,9C, and that
ctive index graphs of the frac-
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tion collected were drawn on the same diagram. Now we use
the same quantity of gasoline and we add to it a known amount
of the agent 4, the azeotropic range of which we intend to mea-
] sure. Then we oarry out the distillation in the same device
] establishing as before the rame reflux ratio.

1 Depending upon the upper ¢, and the lower #y, temperature 3
4 of the azeotropic range Z.(H) of agent A:

Z4(H)=ty, — Zp,

we may observe three characteristic cases. All of them are repre-

4 sented in figs. 3, 4 and 5. . ;
E By 1
{ ¢
; ? .é
g % :
; t ;
: 'y 1
3 v ﬁ
i t

3 HQ

100% & ——<@ 100% B 1

Fig. 3. Distilling curve (t#,tn,) showing the change in condensation

: temporatures of a mixture of binary uzectropes (4, Hi) plotted againat the .

3 percentage of mixture (°/, I7) collected in the receiver. Agent A is charac-
: terized by a very large azeotropic range Za(H).

For direct comparison the distilling curve of the mixture of
1 gasoline with agent A is drawn in an unusual manner, i. e. we
3 plot the condensation temperature against the amount of gasoline
and not of the gasoline and agent 4 fouud in each of the frac-
tions collected. For this reason each time we should determine
the composition of the fraction in order to substract the amount 3
of A in that fraction. In doing so we are able to compare direc- '
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Ox the Method of Asxeotropic Range Deteymination. VIII. 101

tly the two distilling curves under examination. In this way

f the sams points on the abscissa axis correspond to the amounts

: of hydrocarbons collected, in spite of the fact that in the course 4

3 of the second distillation different and often relatively large 3
amounts of agent A are present in the distillate,

Lot us consider three typical cases encountered very often.

] In case I the azeotropic range Z,(H) is so large that all of the

T A A R AT

t“:t,.

tA.Hu

Ly

¢

—>%H 4

Fig. 4. Diagram similar to that shown in fig. 3, with the difference that b

the lower branch of the azeotropic range starts at point ¢y, lying somewhat 3

higher than ¢,. 'The upper end of the curve lies below 2y ,, indicating that :
the upper end of the range Z4(H) lies somewhat higher than f,.

hydrocarbons found in the gasoline used form binary azeotropes -
with agent 4. It is easy to predict that the distilling curve of
the mixture of gasoline with A will lie below the distillation
3 curve of the gasoline itself. This case is schematically represen-
ted in fig. 3.
; For this reason, for determining the azeotropic Yange Z,()
; a mixture containing hydrocarbons with considerably lower and
E higher boiling temperatures should be used. It may happen that
instead of the curves shown in fig. 3 another, represented in fig. 4,
will be obtained. In this case the lower pomt of the azeotropic

1]
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102 W. Swietoslaski and A. Orszagh:

] range ty, may be found. The gasoline examined contains in addi-
X tion some hydrocarbons boiling too low to form azeotropes.
[ The third case corresponds to the conditiuns under which the
azeotropic range Z,(H) may really be found (fig. 5).

Curve 5,0, B should be considered as typical. In fact, when

] starting the distillation of a mixture of A4 with a petroleum or

i it, gasolinefraction,acertaindecroase

A1 .

Ve in the condensation temperature of
the distillate may be observed.

t,,  Atagivenpointthecurve shown

in fig. 5 becomes tangent to the

horizontal lme drawn through

the point representing the boiling

temperature of agent A: after-

wards it should cross this line

t, and show a steady increase in the

condensation temperature. In most

typical cases, however, it 1s not

so. Before largd temperature in-

creases are noted, section OB of

Fig. . Diagram similar to the two the curve is observed which cor-

preceding, with the differenco that responds to the formation of al-
point O is a transition one showing

p that the tangent azeotrope f4, s WOSt »tangent zeotropese This
E has been formed. From point O to Phenomenon las been described
A the right side of the curve almost in one of the previous papers of
b tangent zeotropes of 4 v.vxttherius this series. (V).
of reprhe:::tset;;e; i:;‘llll:dgoﬂflf).ove tHy When continuing the distilla-
tion small gradual increases
condeusation temperatures will be noticed. The distillate will contain
large amounts of A and relatively small but steadily increasing
E quantities of higher boiling hydrocarbons. This takes place until
] the components characterized by large deviations of their mixtures
with A from Raoult’s law are exhausted. After reaching this
point, considerable temperature increases will be observed, as
shown in the last part of curve ¢y OB represented in fig. 5. This
: should be cohsidered as & proof that points lying far from the
tangency to the horizontal line drawn through ¢, bave been
reached.

»
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3 On the Method of Aseotropic Range Determination. VIII. 103

>
It is probable that in other systems the shape of ourve 4,08
will differ from what we have noticed up to date. The number
of systems examined is too small for any generalization.

3. Determination of azeotropic ranges characteriaing binmary
and ternary azeotropes

In one of our previous papers (VI) on azeotropy the sugges-

tion was made that the term azeotropic range of binary and ‘

ternary azeotropes should be used. This is based on the fact that i

] the concentrations of secondary azeotropic agents undergo small 3

changes in the whole series of ternary and quaternary azeotropes

(A,B,H,) and (4,B,C H)), respectively, formed by the bimary

(4, B) and ternary (4, 8, C), azeotropes with (H,, B) and (H,, B, C).

3 As in the previous considerations H, designates one of the sub-

g stances of the series Hy Hj...H, For the corresponding ranges

4 the following symbols are suggested: Z4p(H,B)and Zspc(Hi, B,C)
for the azeotropes mentioned above.

They show that the binary azeotrope (4,B) may form, in
some limits of boiling temperatures of the binary azeotrope (&, B),
ternary azeotropes (4, B, ;) and that the ternary azeotrope (4,B,0)
may form, with the same limitation, quaternary (4, B, (, /,) ones.

A method quite similar to that described in the preceding

i paragraph may also be used. 1
4 - A system examined in detail is described below. Let us sup-
pose that we want to determine the azeotropic range of a ternary

azeotrope composed of benzene (%), ethanol (£ and water (W)
3 with respect to tho ternary azeotropes formed by representatives
N of the series Ify, H,... 1{, found in the appropriately chosen frac- 1
tion of gasoline with ethanol and water.
] First, the distillation of a mixture of gasoline with an excess
3 of ethanol (£) and water (W) should be carried out to establish
! the shape of the distiling curve of the ternary azeotropes (H,E, W)
Suppose that curve I corresponds to the distillation of that mix-
ture (fig.6). The distillation started at fysw and was comploted

at the temperature Zy_gw- Afterwards we carry out another .
3 distillation after adding an excess of benzeno o the sams mix- k
ture of gasoline, ethanol and water. Suppcse that curve II repre-

sents graphically this dustillation. After the lower hmit of the

*
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3 104
azeotropic range has been reached, the uppe

tilling curve starting at point D (fig. 6) trans
gimilar to the curve

¢ portion of the dis-
forms itself into ove
act, it i8 tangent

A OB shown it fig. 5. In f;

t
Hn,E,W

b BV

-
d Q
A

‘5.E,W tB,g’w

10078 100%H,
B.E, W, Ht Section lying

Fig 6. Distilling curve of quateruaty azeotropes
ents the zeotropic distillation of mxture of

o right of point 0 repres

ternary azeot:iope BEW with ternary azeotropes Hb E,
int representing the
d of ben-

to the horizontal line dr:
zeotrope te.EW
ds to the

boiling point of the ternary &

zene, othanol and water (64:86°C). This point correspon
upper limit of the azeotropic range of this ternary azeotrope Wi
respect to the series H,, Hz_..H,. of homologs and their isomers,

forming the ternary 8260 . In previous papers of
les 2, 2,4 trimethylpentane and n-heptano re :

this series of artic
presemed two paraffinic hydrocarbons ¥ ith ethanol
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and water two #érnary azeotropes characterized by almost tangent ;
isobars with ternary azeotropes composed of benzens-ethanol- . 3
and water. On the other hand, benzene formns a almost tangent ‘
isobar in mixtures with nm-heptane or 2, 2,4 trimethylpentane.
Large deviations from Raoult's law are found along all the con-
centrations of these binary mixtutes. Taking these facts as a basis,
we may conclude that the range of the azeotrope (B, £, W) is
: limited by the ternary azeotropes (H,E,W) and (H, E,W) in 4
: which H and H, are the same hydrocarbons or at least are
3 close neighbours of those which form tangent or almost tangent
isobars with benzene. We do not think that such a case is typical.
The existence of other mixtures differing from those mentioned
above may be found.

It must be emphasized that the experimental techmique in ‘
studying mixtures of binary, ternary and sometimes quaternary 3
azeotropes should be based on that described in the book »Ebul-
liometric Measuremente. The principle of comparative measure-
ments should be respected and standard substances or azeotropes
for the direct comparison of boiling and condensation tempera- b
tures should be used. For this reason the ebulliometers containing
3 standard liquids should be located side by side with the head

3 of the distilling column. Very often the main fraction consisting
1 of a pure binary or ternary azeotrope should be directly collec-

ted into the differential ebulliometer for purity test determination

or ‘for using es a standard for direct comparison with another
4 liuid. Two electric resistance thermometers or two mercury ther- S
} mometers of the Beckmann or Roberteau type should be 3
3 used and transferred from time to time from one thermometer
3 well into another so as to measure the differences in boiling
; or condensation temperatures with an accuracy not less than

» + 0:003 4 0-006°C.

It may be assumed that the upper limit of the azeotropic
range O (fig. 5) 1s reached, 1f the condensation temperature mea-
sured in the thermemeter well placed in the hesd of the distilling
column is equal to that determined for the pure azeotropic agent.
The lower limit of the azeotropic range may be determined on
the basis ex. e. B,(B,E), (B, £ W), respectively of the composi-
tion of the fractions collected 1n the course of the distillation. k
The appearance of the main azeotropic agent in any measurable 3

e s o e

i
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106 W. Swigtoslawski and A. Orszagh: . 3

quantities in the fraction collected should be counsidered as evi-
dence that the lower limit of the azeotropic range has been
3 reached. In the case considered above, point D is reached when 4
3 the quaternary azectrope (B, H, Z,W) is found in the receiver

This takes place when the fraction cullected contains small, but 3

meesurable quantittes of benzene. To get n definite proof that {
‘ quaternary azeotropes have been really formed, direct experiments
3 should be carried out with pure compenents boiling at the cor-
responding temperatures. In the case of benzene, ethanol and
water the lower boiling hydrocarbon should boil at 68 —72°C.
As to the upper one, z-heptane should be considered as the last
8 component forming quaternary azeotropes of the type (%, £, W, H)).

4. Influence of the presence of naphthenic hydrocarbons '

All specimens of gasoline which were used in our investiga-
:* tions contained some amounts of naphthenic hydrocarbons; cyclo-
f hexane and isomeric methylpentanes especially were always pre-
sent. It could be suspected that they might have exerted an un-
favorable influence on the results obtained., We have noticed,
however, that their influence was insignificant. In order to con- 3
trol the measurements it was necessary to determine as often 3
as possible the refractive indices and the densities of the frac- 3
tions collected. The known fact that the naphthenes are charac-
terized by higher values of refractive indices and of densities
has helped us to find out whether in critical points near D and 0
(fig. 6) unusually high refraction and density of the fractions
collected were observl. In our experiments we did not notice
those phenomena. If more accurate determinations of azeotropic
ranges are carried out, the naphthenic hydrocarbons should be
removed, e. g by the selective adsorption chromatographic me-
thod (2). On the contrary it is not easy to remove isomeric pa-
raffins or to operate exclusively with the normal ones.

i S S

5. General remarks

More systematic investigations have to be carried out in order
to prove the applicability of the method for determining the
ageotropic ranges of quite different systems. It is, however, very
convenient for the determination in certain mixtures of homologs 4
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and their isomers (H) not only of the azeotropic range Z(H)
characterizing the agent 4, but also of the ranges Z4 s(H, B)
and Z4,p,c(H, B, C) containing the secondary azeotropic agents ]
E 5 snd C. The method of successive comparative measurements p
3 becomes a very useful means of carrying out experiments follo- s
wing each other under identical conditons. In this way 1t is
possible to got direct answers to all the questions associated
with problems dealing with systems composed of & number of
binary, ternary and quaternary azeotropes.

1 Summary ]
»
1. A method for approsimate deterumination of the azeotropic
1 range Z.(H) of an agent A with respect to the sories H,H,.H,
3 of homologs, their isomers and other chemically relative substan-
3 ces is described.
2. Tt has been proved that this method may also be apphed
! for the determination of the azeotropic range Z4.5{H,B) of the
‘ binary azeotrope (4, B) with respect to the series of binary azeo-
tropes (H,, B), (H;, B)...(Hn) B composed by = secondary 8zeo- 3
tropic agent B with the series H,, Hy... Ha, mentioned in point 1. 4
3. If quaternary ezeotropes of the type (4,5,C, H;) exist, the 3
method may be used for determining the azeotropic range
] Z4,5,c(H, B, C) of the ternary azeotrope (4, B, C) with respect to
3 the series of termary azeotropes of the type (B,C H), in which
H, is one of the representatives of the series found between

H end H, E
, 4. Details are given on how to carry out the experiments
: according to the method described. Three different cases are 3
3 examined. In the flrst, the azeotropic range Z4(H) is so large 1

that binary azeotropes (4, Hi) are formed by the agent with all 3
the substances present im the mixture H, H,...H, In the second
case, some lower boiling substanees d. not form binary azeo- 3
: tropes with 4. The third case is chavucterized by @ low value E
' of the azeotrope range so that some lower and higher boiling 4
3 ropresentatives of the geries do not form azeotropes with A. The
same phenomena may be noticed in the case of binary and ter-
nary azeotropee of agent A and of other representatives of the 3
series H, Hy...H, with gecondary agents B and C. 3
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5. An example is given of the formation of a series of qua- 3

ternary ageotropes composed of benzene, ethanol, water and hy- ki

. . . . 3

drocarbons contained in fraction 68—89*C of gasoline.
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] Classification of Negative Azeotropes XIV 4
hy :
1 W, SWIETOSLAWSKI 4
P Conunnnicated ut the mectiny of September 22, 1952 9
] Negntive Azeotropes \We call negative binary azeotrope |

@ nuxtare of two liquids which furm an isvtherm with & minimurn vapour

3 pressure. The number of known negative azeotropes is not as large as that .

of positive ones. In spite of this they play an important role in the under-
standing of the plienomena which take place when different kinds of
hyuid mixtures are subnutted to a fract: -nal distillation. Their significance
mereases with the discovery of a large number of ternary positive-negative
aseotropes which constitute the subject of the next paper in this s ries ;
lu order to give an adequate explanation of the phenomena which take
place when @ negative binary azeotrope forms with a third component
3 o ternary positive-negative ume, the classificution of binary negative azeo-
g tropes seems to be of considerable importance.

/ 2. Three Gruups of Negative Azeotropes. It is generally
% accepted that @ munmmn vapour pressire appears if the attractive forces
ay and wze activg between molecules of each of the component 1 and 2
ate weaker than those ag. acting between two different molecules-

3 iy Ly p >y

Iu spite of thas, a pelanively Jarge number of negative azevtropes are known
m which, besides van der Wuals' forces, chemical or electrochemical ones
3 are responsible for the lornation of mnnmum vapour prossures and maxi- 9
; mum boihng pomts. Takig this it consideration the following clagsifi- 3
4 cat un of binary vregative az-otropes compusud' of compunents other than
3 w.ter may be gecgpie t \ecornhng to this classification tie negative azeo-
tropes should be divnlad « o three grenps to the first group belong binary
3 negative azeotropes o whi b the wequakity between van der Waals’ forees- b

<y A
163!
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is responsible fur the appearance of a minimum vapour pressure. A rela-

tvely large number of negative azeotropes of this group is known, e. & chlo- }

] roform and scetone, pyridine and some of the alcohols, ete.

3 To the second group belong all dehydrated mixtures composed of a weak

acid and a weak base.
As yet, only a relatively small number of these mixtures has been

_ carefully examined. Among them, azeotropes formed by acetic acid or phenol

{ and different aromatic bases, esprcially pyridine and its homologues, are

3 listed in two Horsley's, and in Lecat's, tables.

The third group comprises mixtures of & weak base with a strong

acd or a weak ncid with a strong base. .
1 mixtures belonging to the third X

E Up to now, the properties of severa
] group have been examined but not as azeotropes. They have been treated
rather as sults. For instance pyridine and its homologues, as well as some
aromatic amines, form volatile bydrochlorides which may be submitted to
3 fractional distillation. In solutions and in the solid phase they behave as
; galts formed by equivalent amounts of the two components. For this reeson
they have not been listed in the tables as negative azectropes. The pheno-
mena are quite different 1f the hydrochlorides mentionad above are submitted
Under constant pressure they boil and dianil ot

to fractional distillauion.
constsnt temperatures but, in spite of this, their distillation products do
ts. They contain more hydrogen

not correspond to the composition of sal
chloride than salts do. That is why they should be treated rather as binary
negative azeotropes. Because of the chemical forces involved, the increases

1 in the boiling points of the corresponding negative azeotropes are very ]
] high compared with the mcreases iu the boiling points of two other groups ‘
of these azeotropes. Usually their boiling points are more than one hundred

4 degrees lugher than tiie corresponding bases. For this reason thay must .
4 be considered as interesting subjects for examination as azeotropic agents. 4
; . We lope soon te be able to present the results of some experiments

with these azeotropic agents.
In the note wluch follows,
pegative azeotropes are examine
enddle or ternary positive-negative azeotropes.
4

representatives of all three groups of binary 3
d with respect to the formation of so-called »

B
p SUMMARY
Negatwve binary azeotropes compeosed of components other than water have been 3
k. divided 1nto three groups. This classification 1 based on different types of intermolecular 3
3 forces responsible for the appearence of the mipimum vapour pressures and the maxi- 3
mum bouiling temperatures To the first group belong aveotropes in which the molecules . E
of the two components attract each other with 'arger vau d# Waals' forces than thos
with wheeh the w e tles of o Lotupuent are attracted To the second group belong
dehydrated mixtures of wenk bases nund weak acids. The third group 2 composed of
dshydrated nuxtures of weak brses and strong ucis and siee versa

,
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3 The references to a serie, ;

aaries of ¥ N L

o p ers (![:x“ KIII) are listed bulovff’pen on azeotropy already published (I—VIIf, or .

] n Polisk. I—v e - . 3

] 31 402 Roozoiki Chem. 25 (1951), 86111 VI—VIIT ibd 25 (1959, ]

k I English: [V — ad L F

: 87108, glish Rull Avad. Sei. Polonaise 19504, 9-338, VI—VI]] 1bid. 1951 A, k:
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3 CHEMISTRY 1

3 Binay Eatectics Formed by One Component with a Series 3

of Homologues 3

by "

T. PENKALA k-

Communcated by W. SWIETOSEAWSKI at the meeting of January 12, 1953

Several years ago W. Swigtoslawski [1] published a paper in which
a eriey of binary eutectics, formed by a certain compound with a_series 3
1 chemically quite different substances, were presented in one diagram. 4
I was found that the eutectic pomts lay practically on a monotonic, conti- 4
uous curve. Basing himself on this observation, Swigtoslawski came to the 3
»eastons that 1f eutectics formed® by component A with a series (B) of

4 :
z e '
E 7
- T 5ol (oPy %ol 3
i Fig. 1 Fig. 2 Fig. 3 3
; i:z. 1 Eutectics formed by b (1) with tol (2), ethyltoluene (3), metaxylens (4),

A urthoxylene (5} and paraxylene (6), according to Kravchenko’s observations 3
E 1. 2 Futectics formed by orthoxylene (1) with toluene (2), metaxylene (3), benzene (4) p:
and parsxylene (5)

b g. 3. Futectics formed by paraxylene (1) with toluene (2), ethylbenzene (3), metaxy- I

lene (4), orthoxylene (5) and benzene (6) K

\129)

; 1
. 3
3 ’
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homologues were examined, the curve on which the eufectic poiuts would
lie, would form a common curve correeponding to the well known freezing
; curve. )
This note gives a series of exampies which mot only confirm Swieto- 3
; slawski s suggestion, but also lead to its further extension to those systems ;
i which the eutectics are formed by two solid solutions, and not by two
pure components, coexisting with the liquid phase in ideal eutectic systems.
In Figs. 1, 2 and 3 illustrations are given proving the correctness of
Swietoslawski's statements and of their further extension.
The examples given above refer to systems formed exclusively by
different combinations of homologues of benzene and by benzene itself.
3 - A number of other examples have been found and will be described 1 5
1 a paper to be published in "Roczniki Chemii®. 3
In the case of systems formed by paraffinic hydrecarbons: (C.H,,,
C:Hye), (CoHyey CioHag)y (CroHany CoHig) (CroHas CiHye) the eutectic points lie 3
on the common freezing point of component 4 (3).

Department of Physical Chemistry, Umversity of Warsaw

REFERENCES 3

3 3] Swu;tou:awnki W, Roezniki Chem. 23 (1949), 1.

‘: 121 Swigtoslawski W, Metody rozdzielanic i neayszezGrie substancyi, War-
‘zewa, 1900,

[3] Krevchernko B. M, Zurn. Prikl Chim. 22 (194Y). 491, 724.
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Binary Solid Solutions and Eutectic Mixtures F ormed by One  *

Component with Representatives of a Series of Homologues 3

3 by '
T. PENKALA .

rmmunicated by W. SWIETOSLAWSKI at the meeting of Janwary 12, 1963

Sume time ago W. Swietoslawski [1] published a paper in which he

s 1ggested that the ezamination of bisary mixtures formed by substance A E
¢ g series of homologues, B, By, By... Bm showed 4
m ideal eutectics (pure components in solid phases), 3

] wi'h representatives o
to solid solutions characterised by un- :

» wradual travsitign fro
s bl eutectios of solid solutions,
nmited mutual solubility (Fig. 1).

.

| '
1 Co'lrs
\ 0
1 -80 Gt 3
: -80 3
‘ o [ %0l 4
Fig. 1 Fig. 8 Fig. 8 - 4

: Fig. 1 Gradual transition from eutsctica to solid solutions according to the scheme )y
i x ven by Swigtoslawski. The upper part of the diagram is extended to cases in which
3 the higher melting reprenentntivas of the series form eutectics with comporent A

Fig. 2. Eutectics formed by m-heptane

Fig. 8. Eutectics tormed by m-decane '

_ sl

e

B
> i
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‘ Swiglostawski’s suggestion is now confirmed and extended. A gradual

3 transition really occurs in the series of paraffins and depends on the dif
ferences in length of the carbon atom chains.

The extension of the diagram given in 1948 by Swietostawski consiste 4

m the addition of the upper part,in which component A, characterised by

1 relatively low melting point 24, forms eutectice with the representatives wirh

considerably higher melting points.
In Figs. 2 and 3 sll the combinations formed by n-heptane, n-octar:

' and n-decane are shown. In addition the diagram shown in Fig. 1 demon- 3
E: -
; " ‘
Cobte 9
.’ % y
g 3
| . G ke
: 0 z i 9
- Lty - . 3
E R4 o E
] Vo
1 N
] ) -0 o O )
i “ ;
; -8 Sty 1
[# ;
3 -3 e, /ﬁ 4”! /
% 3
CeHy, M Gorry k
2 3
pe. [.,H_‘
i LT
: Fig 4. Eutectics formed by Fig. 5. A series of sohd solutions formed 3
I n-octane with three other by parsffins
paraffins. C;,H,, forms an §
ideal dfitectic, the two other
non-ideal ones
strates that the eutectic points lie on one curve independently of whether 3
the solid pheses are pure components or solid solutions. 3
5 Seyer [3] showed that the systems formed by (C,H,, Ci:Heo) _(CoH,, E
j CaHe), (CoHiy, CyzHee), (CyeHyey CagHyg) and (CagHyy, CsgHey) are eutectics 3
F due to the large differences in the length of the chams. :
3 The same phenomena take place in other binary mixtures if, for instance. ‘
3 substance A does not belong to the same series of homologues. 3
Chlorobenzene, bromobenzene and iodobenzene form with each other 4
g

E solid solutions characterised by their unlimited solubility; with fluorobenzene. F
however, systems with limited solubility appear. This is associated with 3
a considerable difference in the size of the atoms involved.

&3
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, Binary Solid Solutions and Eutectic Mixinres Formed by One Component 153 E
' Similar phenomena are cbserved in many other cases and discussed in b
3 a paper to be published shortly in “Roczniki Chemii”. In all those cases
] a gradual transition takes place from solid solutions with unlimited solubility 3
E torugh those churacterized by a limited solubility to ideal eutectics. 3
Department of Physical Chemistry, University of Warsaw

b
R¢FLREKCES :

! Swigtoslawski W, Roczniki Chemii 23 (1949), 7. Metody rozdeiclania E
3 . ryszizania substancyi, Warszawa, 1950. T
3 5> Kravehenko B. M, Zurn. PriklL Chim. 22 (1949), 491. g
; i Seyer W.F,J. Am. Soc. 80 (1938), 827.
i 1
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CHEMISTRY

Coal Tar as a Typical Polyazeotropic Mixture 1
3 by

1 W. SWIETOS LAWSKI

Communicated at the meeting of January 12: 19563

it Polvazeotropic Systems. Three kinds of polyazeotropic 8y-
3 atems have been examined. in previous papers [1] we use the term “positive

5 polyazeotrope” for designating a systemn in which agents 4, B and C, both .
saparately wo 1 1 combinations of two or three, can form with a series (&)

] of homologues, their igomers or other closely related substanzes, positive

1 azeotrapes of ®he general types (1, H), (4 B, H) and (4, B, C, H)

E If w wesh scid (4) forms with a Lomologous series of weak bases (P)

¢ number of negative azeotropes [©4,P), or if a weak base (P) forms

with a series of weak acids (4) 8 similar series of pegative azeotropes

w2y Ay}, we call them negative polyazeotropic gystems [2]}.

Finally. any negative azeotrope [¢— 4,P] mey form with a series of
pemolugnes and their isomers (H) & positive-negative polyaseotropic system
AP OH) B Quaternary positive-negative azeotropes of the general
wype i YA,PEB Hj are as yet upknown: their existence, however, is very

_ probable 4

2 Puolvazeotropic Mixtures. Mixtures of two or more poly-

\zeotropn <ystems will be referred to as polyazeotropic. Acoording to this
4 sows  'mtwe, iow and high temperature coal tar, petroleum, synthetic liquid
} fuels anu srwa lar liqmds should be regarded as polyazeotropic mixtures.
it shouli e « mphasized that the number of components forming polyazeo-
trop., mxtures wid heir concentrations may vary to & very large extent
m nfferent hquid mixtures Uf these numerous polyazeotropic mixtures,
atod because of the number of homologous

coal tnr 18 the most complic
h each play their part in the formation of

auriag, the ousutuenuts of whic

,Ffarent kinds of szeotropes.
3 Main Component of 8 Polyazeotropic Mixture. For

] « proper understanding of the complicated phenomens taking place in the
cuirs of a batch distillation of different oils separated from coal tar, it is
uwnpe ot to find out whether or not in the oil being distilled there exists

{201}
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a substance tn snfficient quantity tv formn with other constituents all t!
azeotropes which might be formed under a certain pressure establishi!
the distiilation still. Tlis substance will be called, Loth i this and n
. 4 other papers of this series, the main component of the polvazeotr
4 mixture,
: In a middle oil, naphthalene is the main component, beeatse 11 < pres.
! "in such a quantity, that at the end of the distillation, beaides the azv tiog -
formo:d by it, its excess appears as a “zeotropic component” i the trictu
collected. At the final moment of the distilintion, the distilling curve roache
the horizontal line corresponding to the boiling temperature of pure n
thaleno: 218.2°C. Some time laler fractions are collected at succesivdiy
. creasing temperaturcs. From then ou almust tangeut zeotrupes (3] of nap!'
! thalene with higher boiling constituents of the mixture are collected n 1l
receiver.

In Fig. 1 is shown a typical distilling curve obtained for a middle o

o/

P EATY

P

i

£
T
|
i
{
|
]
|

I

|

|

:

L

M e

0%

AT 1

Fig. 1. Distilling curve obtuined for a batch distillation of a middle ul. Part Il coarer
ponds to that fraction in which numerous azeotropes formcd by naphthalene with .th.
constituents are collected in the receiver

Similar shapes of distilling curves may be obtained for other polyazer E
tropic mixtures, in which the main compovent is present. :

The horizontal line drawn through a point representing the buiay
temperature of the main component is called the azeotropic ceiling
line.

If a large excess of the main component is present, some fraction o 3
] the distilling curve merges with the azeotropic ceiling line. Un the othe E
hand, a large number of high boiling constituents of the mivture exert
their influence on the composition of the distillate. For this reason th:
distilling curve may cross the ceiling line at an acute sngle. This case 1
3 shown in Fig. 1. Such a phenomenon occurs when a middie oil is submitte«
to a fractional batch distillation. Higher boiling isomeric methylnaphthale
3 nes are responsible for the absence of that section of the distillation ourv.
which merges with the azeotropic ceiling line.

!

i
y
k:
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L

4 Polycomponent Azeutropie Agen: for Naphthalene
Removal The mother lignor, obtamed after the nnphthalene crystals have ;.
f wen removed by any one of the known procednres, represents a typical G
: mixture of substances whicl, taken together, muy lie considered as a poly-

“vmpeuent azeotropic agent for the azeotropie removal of naph-
> thalene from any oil contamning this substance,
: Fatensive research and numerous ex

periments carried out by a group 3
't Polish researchers ou laboratory, pilot-plant and industrial distilling  * b
stulations have proved that the recycling of a polycomponent azeotropic

tent favours ats self-improvement. In fact, in each cycle the azeatropically

! dve cunstituents are automatically removed from the main fraction in

3 twe - omse of distillation. They are found either in the forerunnings or in
3 mghsr boing fraction and bottom produet, respectively,

92 Final Remarks., The example in which naphthalense is the main 3

svmponent shoald be considered ag a typical one for any polyazeotropic 3

extnre. Inother bateh distillations similar phenomenn ean be oberved 4

«" those cases 1 which the mam component ax prosont. Nome of these
aves will be described 1y other pupers of tius serjes

UM ARY ;

P uttions of the terms: polyazeotropna ®Yntewm,
! epvbicnt asegir -pic coiling Lina and polycomponent aze

2 1w and high temperature coul tar, petroleum,
8 poivaseotropic mixtures. It has been emphasized th
ralvazentropic mixture yet examined.

2. The distilation of a middle oil has been used as a ty
' which naphthalene forms numerons azeotropes with other t
3 ne role of the mam agent.

4. The mother hquor obtained after the remov.
found the innst suitable polycomponent agent for
from tar oils.

5. The recycling of the polycomponent, azeotropic agent favours the removal of
constituents which are unable to form azeotropes with the mamn component, In that
1 »1v, in the course of recycling, a self-improvement of the azeotropic agent takes pla

« The phenomena found when naphthalene is the main component resemble thoge 3
wlich are typical of other polycomponent mixtures,

polyiveatiopie mixture, mam
otropir agent are given

synthetic fuels ete. are cunstdered
at cunl tar is the most complicated

pical example of the way :
ar constituents and plays

al of naphthalene crystals has been
azeotropie removal of naphthalene

ce. 3

4 Department of Chemistry, University of Warsaw 3
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3 On the Positive-Negative Azeotropes Formed 1
1 by Naphthalene, Cresols and Pyridine Bases. XIX

by
K. ZIEBORAK and H. MARKOWSKA-MAJEWSKA

Presented by W. SWIKTOSEAWSKI on March 29, 1954

Introductory remarks

3 The purpose of these investigations was to examine by the ebulliome-
1 tric method (3], [4] three systems composed, on the one hend, of naphtha-
] lene and a cresol fraction F, boiling at practically constant temperature
2020C., and on the other, of three fractions of pyridine bases Py, Py and P,

each used separately.
The boiling temperature ranges of the three fractions were: Py:
142—1450C.: Py 1DT7—1575°C. and P,: 163—164°C. Experiments have
ghown that the isobars obtained by mixing each of "the base fractions
geparately with a cresol fraction F, are each characterized by & maximum
boiling temperature. The maxima corresponded to mixtures behaving as if

cach of them consistedof only a binary negative azeotrope.

Experimeutal part
In Table I are listed: the cowmposition, the boiling temperatures snd ;
3 the increases in azeotropic boiling temperature. '

TABLE 1 14

Maximum boiling temperature of mixtures (=) F, B, () F P () F A 3
/ iﬁxture - Weight per;fent Maximuu; boiling temp. i Azeotr;)plc t.empt increase } .

of P at maximum (—)F.P 1 (—)F,P— °F

F4P, ' 10% 2025 ‘ 405 3

I+ Py 20% 204.4 ‘ 424 1

e P, \ 220/ 204.9 425 i
] e 1

: In g 1 ponts Cy, Cy and C, correspond to the compositions of mix- E
4 tares ((--)F, P}, (=) F, Py} and [(—)F, Py}, each being cha-actarized by 1
9

e maximum Loiling temperature.

(S22 N
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‘Table 11 contains the fignres obtained from an ebulliometric examina-

tn of the boiling temperature isobars formed by uaphthalene : //) together \
3 with the mixtures €, C, and C,. In columns II, IT and IV of Table II are ;

; histed the weight per,
E ratures Wy, A, and M,
with 4 _ye p,

centages of naphthalenc at the mimimum boiling tempe- :
and tho decreases in boiling tomperatures, when compared
found for mixtures represented in Iig 1 by points (, Cy and <.

Fig 1 Projection on the concentration trangle
of the maximum boiling points C, €y €y nnd
the minimum ones 7, My, M, of mixtures of
RPN (K8 H) and (F, sy H, where H
stands for napithslens Points . W N, R, 1
and S corespond to the various compositirnx of
mixtures, The thick straight hines are the pro-
Jections of isobars examined by the ebullio-
metric method

Ry

TABLE 11
Minimum boiling temperatures of naphtalene mixed with (¥, 2), (¥, P\ and (F, 7 > *

1 I 11

I

i
F.P4H| 10 | 20248 | - 002
Fy R4 18 | 20408 | —o037

I

f

i
P4H) 21 i 202,19 —0.51
In addition to examination of the shape of the boiling temperature 3
1sobars, the corresponding sections {1} HC,, HC, aud HCy of the snun line: 1

are graphically represontad in Fig, 1 by thick iines. Other isobars were
examinad for the purpose of dotermining the position of the azeotropic
points. For instance, lines JIN, NZR, RQ and ()~ represent the isobars exa-
mined for mixtures composed of ¥, + and P, (Fig. 1.

Discagsion of the reswits

The conclusions drawn from these exper ients may be formulated as !
fellows: ’

1. All of the ternar; positive-negative azeotropes [2| formed by naph- ;
thulene, meta and para-cregols and the picolines and lutidines found in the ‘
thise frections Py, P, and P, belong to the almust tangent type, k

4 The tridimensional surfaces of the 1snhars of all these azeotropes,
and alse of their wixtures are very flat near pumnts (', ¢ and Cs.

. Points 7., which correspond to the compositions of the ternary
saddle- azeotropes under consideration, and also all the thres top-ridge
lines lie mside trinngle #CP.
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4. The boiling temperatures of all the azeutropes involved differ wo
little from each other that their separation by an effective distilling column
seems to be impossible.

o 9 o) .

206

2a and 2b, Curves L II. I1] represent the boiling temperature inobars of mixture~
h of the three pyridine bases. I’, II’, 111" are the corres-
F, P, with naphthalene

Iigs.
of a cresol fraction F with eac!
ponding isobars formed by mixtures of F, P, F,P,.

In order to prove these conclusions, a mixture of naphthalene (17.5%,),
& fraction of meta and para-cresols (62.5%,) and a fracuon I (142 -14H5°C,)

P

Fig. 3. Tridimenstonal model of a saddle azeotrope composed of naphthalene (H), one of

the cresols (F) (meta or para) and one of the constituents of pyridine bases fraction F,.

Point ¢,, represents tle boiling temperature of this azeotrope This pomnt is situated on
the top-ridge line, which lies in the vicinity of the main lne |2]

of pyridine bases (20.0Y/,) was submitted to fractional distillation on a thurty-
five plate column. The main fraction, corresponding to 75%, of the charge,
was collected within 202.5—203.7°C., and the average coutents of these
mixtures were found for tar bases 10.4°/,, for naphthalene 20.6°/, and for

tE ‘
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K cresols 69.0°,. It should be noted, that fraction P, used in this expariment ;
4 wasa characterized by the largest boiling-range of temperature, 142—145°C,, 4
3 compared with the two others, P, and P,. For comparison, in Figs. 2a :
and 2b, two series of boiling temperature isobars I. II, IIT and T', I, 1IT', 3
are given. A corresponding explanation is given in the legend of the two 3
drawings. -
One should note that curve I’ is almost tangent to the borzontal lne
1 drawn through point Zy, and that the two other isobars are slightly con- ¢
cave, showing relatively amali depression of the boiling temperatures. 3
This 18 certaintly 1n sgreemeiit with the figurer listed in the last co-
lumn of Table IL
i A trdimensional model of a ternary saddie azeatrope LY P () H) 3
1 ¢ shown in g 3. ‘The systemn ie composed of naphthalene. one of the 3
4 cresols rmeta or para-igomer) and one of the components of fraction P, -

Wo wish to express our thanks to Prof. Swietoslawskr for his lelp
snd advice.

Summary
| The ebullinustric method was used for determming the shape of the bailing
tempernture 4obars of systems composed, on the one hand, of naphthalene and a frac-
: tion F of 72 snd p-cresole. charncterized by the constant boiling temperature, ¢, = 202°C.,
4 and, on the other, of fractions of pyridine bases characterized by the following tempe-
3 tatuz)ranges: P 142—-145°C.. Py 107 137.5°C.. P,: 163—164°C. \
b It was found that all three 1vobars were chavacterized by munimum boiling tem- i
peratures, indicating that each of the mixtures was comy d of a corresponding number 1
of three-component positive-negative (saddle) azeotropes characterized by boiling tempe- ¢
ratures differing very little froie onc another.
i 3. The boiling temperatures of the three mixtures of positive-negative azeotropes
3 formed by naphthalene, with a fraction F of m und p-oresols. and of the three pyndine
3 bases P,, P, and P, differed shightly from the maximum boiling temperatures formed by 3
) fraction F mixed with P,, P, or F; respactively. 4
: 4. The tridunensional surface corresponding to the boiling temperature 1sobars was
examined by the ebulliometric method. and it was found that in the vicimty of the mi- E
g nimum boiling temperature dying on the top-rulge line [2], these surfaces were very flat. E
i Therefore, it may be said that the behaviour of each of the three above-mentioned poly-
3 azeotropic mixtures was similar to that of a single ternary saddle azeotrope composed’ :
E of three individual substances.
4 5. The formation of a polyazcotropn mixture consisting of « number of ternary
<addle azeotropes [(—)F, P} Nl B\ P and N representing one of tne cresols, one of
i the pyridine bases and naphthalene respectively, takes place in the course of distillation b
4 of the carbolic and middle oils of coal tar. 4

Institute of General Chemistry, Warsaw
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4 CHEMISTRY

, Polyazeotropic Mixtures Containing Two or More
1 Series of Ilomologues. II
by
W. SWIETOSLAWSKI ;
Cenmunicated at the lll"l’uil![. of December 13 1954 3

1. Classification of Polyazeotropic Mixtures ‘

] In the preceding papor of this series [1] coal tar and tar oils were ;

3 called polyazeotropic mixtures. In this paper an attempt is made to classify E

the polyazeotrogic mixtures more precisely. Namely, if a liquid organic

raw material or any product obtained by its fractional distillation contains

3 1wo series of homolugnes and their isomers, for instance, if one is compo-

sed of paraffins (/1, the other of aromatics (A7), 1t is reasonable to call

)t & two-series pulyazeotropre mixture Consequently, for liquids containing 3

thres or more series of homologurs und their isomers, the term polyazeo- E

tropic mixture shoull be supplemented by the number of the series of ho- }

mologues and their isomers which are the constituents of that mixture.

2 Coal tar or at least some tar oils contam not less than six series of

N homolagues, namely: (£), (Ar), (A AF (L), (Am) The symbols repre-
3 sent (/) paraffins, (Ar) one-ring aromatics, (:r,) —- two-ring aro- 3
3 maties, (£ phenols, (P) - pyridine bases, (Am) -- aromatic amines.

Wa purposels umut the series of oiefines (1) and the naphthenes (N), be-

eanse they arve faund i high temperature coal tar in small quantities and,

m addition, thewr azeutropic ranges [2] differ little in respect to the paraf-

. fins and aromatics so that they do not exert any notable influence on the

4 course of ixtillatior. In low temperature coal tar, however, the concentra- 3

3 toms of olefines are considernblyv larger and their mfluence on distillation s

1 cannot be neglected,

’

4 2 Pulynzeotropic Mixtures Compused of Two Neries of Homologues

Let us suppose, for simphfication. that large quantities of two mix- 4

tures /1) and (A7) have Leen preparcd by mixing equal molar quantities of
reprosentatives of series (/) on the one hand and of series {A7)

ech of the
3 [t
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4492 W. Swigtoslawski
-on the other, Using these two mixtures we would -be able, for instance, to 1
prepare the fullowing three polyazcotropic mixtures in which m changes A
from 19 to 1: b

Number | Werght °, of If Wenght *, of Ar Cll,= ”’CA:I e

1

— e !

1 l [N o booCy=c,, T

. . ]
2 0 ; 20, Oy =30, 1 ;
; P i : i . . 3
| 50°,, ' a0/, : (,Hl = "Ar/ : 1 -‘v

Suppose that the azeotropic ranges |?| of all the components of series
(Ar) are known: for instance, for Ar; we may write.

ZagtH) = t,,, — Tu,,

whera 71, and /{, are the representatives which form with Ay two tangent
azeotropes [3). Suppose also that the boiling temperatures /y; and lar ar- 3
equal or almost equal to each other. 9

Let us consider the phenomena which would take place if the three
mixtures mentioned ahove were submitted to a fractional distillation. Because
of the small amounts of each of the members of series (.r) in mixture 1
the component Ar; would form successively an almost tangent zeotropic
isolar with the vepresentative /7, y, u tangent one with A, and an almost
tangent azeotropic isobar with /.. When distilling mixture 2, we nould

observe thnt the corresponding azeotropes (Ary I, .0), (41, Heigqg wonld
be formed Finally, if a mixture of equal cuncentrations of the represeuta- g
tives of both series were submitted to fractional distilation, carve IIL shown :
in Fig. ¢ would represent graphicaily the large increass :n councentra-

tion of the component Ay,

We have exanuie Lthe case in wlneh tiie differencesin bulling temperatanes
of components ti, oo luy fay, and Layy yolag tar,  Were so large that u,
superimposing of concentration curves took place. If these differences wer:
smaller. azeotropes furmed by .1y and Arp, would be admixed tv thuse
formed by the component :dry. These plenomena are frequently enconn

tered in cases of industrial batch distllations of different polyazeutropr 3
mixtures. ;
Let uns, however, return to vnr simplified case and formulate scme ol 4

the phenomena taking place when a two-series polyazeotropie mixture i~
submitted to fractional distillation. Furst, if the malar concentratiops ..
each represcntative of series (Ar) are smaller than those of the cumpene: 3
of series (If), such a polyazeotropic sy st may bo called a two series (// i
polyszeotropic mixture. Symbol (#) denotes the preponderance of concen
trations of components (/) as compared with those of (As). In this ¢axe
any substance Ar; undergoes distillaiiun withii a narcow range of tempe 3

’ Beclassi‘fied in Part - Sanitized Copy Approved for Release 2014/06/19 : CIA-RDP80-00809A000100150013-5
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3 ratures close to the lowest one, Zy, at which Az, forms with H, a tangent
1wobar with respect to the horizontal line drawn through point fy,. With 3
an increase of the molar concen. ra-
tion of A7, there is a correspoud-
ing increese in the number of azeo-
tropes formed with the represeuta-
4 tives of series (H). Secondly, if the
_4 concentrations of any of the com-
E ponents of both the (#) and (Ar)
series, for instance, /{, and Ary, ]

boiling practically at the same tem- "¢ [__- 3

peratures, become equal (m =1), the = % mol {42}

3 preponderznce of concentrations of = fay, E -
4 the components of any of these 3
,‘ series disappears. In that case the %Mty )
i lsrgest amount of azeotr..pe (47, H)
. is found in the - e arver. Acthe mo-
ment of maximuwa conceutration of

in, i
4 Ar;in the distillate the condensation r:" — ] :
] temperature is closeto 0.5 (7, —1y,). ‘ E 9
1 Similar phenomena take place, if ‘et — ¥, mol {Az) j
the polyazeotropic mixture 18 pre- %47 E
pared so that the components of 3
tha series (Ar) are i larger con- ¢
centrations than those belonging i 1

to series (/7). In the latter case i
curves [/, II and II1 refer to com- ¢
3 ponent H; and not to Ar,. R 1
3 * Whes denling with industrial Y 3
1 products, we have to t'uke into con- iz 1. A section of the distilling curve 12
sideration the fact that they are represented i schemo 4. It starts with con-

"™, :

aj

o)

'
i
1
]

more complu ated pu]yazeotropic densation temperuture l”e and ends with IA,J. 3
mixtures than those mentioned abo- Scheme & shows thc shaps of several baling E
1 ve. Some similanity, however, may temperature isobars starting with the almost ,

tangent “zeotropic” one, ¢ ¢ and en- 3

be noticed if we examine the di- Hor"Ary®

stillation of low, medium’and high ding with ’”c-!-ll"']' which is characterized "

3 boiliug gasolines. In the case of by arelatively xmall depression 4. In scheme ¢ b
" low boiling gﬂsoline, benzene and cur\'t‘:s I 1Faund 11/ correspou'd to the.chnn-
P then toluene start to appear in tho ges in concentrations of Ar, in the disnilla-
E tes, when mixture- 1, 2 and .4 are submitted E -

; receiver at lower temperatures than
3 their own. The larger the lower
3 purtion of the azeotiopic range {2] of A7), the lower is the boiling tem-
: perature of the wmixture containing a small amount of the correspondmg
E aromatic hydrocarbon. It is a well-known fact that benzene and toluene

to fractional distillation E
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194 W, Swigtoslawski

may be easily entrained by nonaromatic hydrocarbons which form with
benzene or toluene tangent zeotropes and azeotropes before the next aroma-
tic hydrocarbon starts to appear at the top of the distilling column. On the
other hand, the xylene isomers boil so close to one another that carves /.
11 and 171 showu in Fig. 1c become superimposed one on top of the other
. For the sake of simplicity we do not mention that gusoline contais .
naphtheues as the third series of homologues. They do not praduc: s
notable 1nfluence on the shape of the distithng curve. They furm azeotro- ‘

i pes with aromatic hydrocarbons (A7, N)), which behave m u snmilar way
; to those composed of H; instead of N;, where symbol N staunds for any j
. j representative of the naphthene series. 3

3. Methods for Stadying More Complicated Polyazeotrapic Mixtures

Much more complicated phenomena take place if more than two series
of homologues are present in a polyazeotropic mixture. Beside lowasnd
1 high temperature coal tar and different tar oils, other industrially important 3
liquids belong to this type of polyazeotropic mixture. A speecial techniygue
based often on fractional distillation and on ebulliometric investigation o,
clusely boiling fractions collected in the course of a batch distillation car- 4
A ried out on a pilot plant or industrial column, has ro he apphed in order i

to obtain more information concerning the phenomena associated with both ]
1 an azdotropic and a zeotropic distillation of these mixtures, By removing
; pheuols, organic bases, olefines, ete. it becomes possible to reduce the num-
ber of homologous series. In that way a direct comparison of the distilla-
tion curves obtained before and after the reduction of the number of
homologous series, offers important information concermug the influence
exerted by one, two or sometimes three series of homologues and their
isomers [3].

In some particular cases certain compouents may Le removed by cry-
stallization and the shape of the distilling curves before and after the re-
moval of those components may also be directly compared [3), [4].

Another method cousists in adding a large excess of a certain compo- 3
nent 80 as to produce all the azeotropes formed by it. The result of this 3
procedure is often important for understanding some phenomena taking
place during the distillation [9].

A group of Polish scientists arv at present engaged in carrying uvnt
experiments in order to find the most suitable conditions for studymg dif- 2
3 ferent polyazeotropic nnxtures.

e,

q Summary
1. The polyazeotropic aixtures have been classified accurding to the number of
1 homologous series contaived in them. 1
2. In order to examine the most typical phenomena taking place 1n the course of
a batch distillation, it was assumed that two liquid systems had been prepared, one (H)
containing equimolecular quantitieg of representatives of one homologous series, anothe:

=]
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X ratio g 1y Inrge enough, each of the representatives of serieg (<4+} is collected E
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o “le i3
E ‘orus with A/'/ A tangent Azeotrope.
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al of neig, basic and p, i
erystallization. in othe
able to entpun #zeotropically a jap

:
Ponents belonging to one,
Trretines three gpripy of hemologues,

th the reme

eutral components,
remaved by

Departinent of Physical Chemistry, Universiby of Warsaw

3 HEFEREN( Ex
1

1y Swigtoslaw
2] Swifgtoalnw
Soc. Chim,, Belges,
(3] Lisick
; ) Szczep
1 (] Gorzyn

SKki W, Bl Acad. p
2ki W, Org
82 (1933), 10,

iz, Przemyst Chem.,
anik R, Przemyst ¢
ska J, Majew

olon. Sci.,

Lo, (1958), 201.
zagh A, Baj.

Acad. Polon. Sei, (1431, 97. 1

Bull

8 (1953), 10.

hem , 9 (1953), 211, 263, 315, 375,
ska H. Werje J., (not et published,

.‘
- E
’ E:
E N :
b
3 P
7
|
9 1
b 1
b s
i
3 3
i 1
!
3 4
)
E: it
4
.
b
:' :
4 3
i 3
i ]
i ]
3 4
k. A
. P
P E
4
. -
t

00100150013-5 K.
: CIA-RDP80-00809A0

if Sanitized Copy Approved for Release 2014/06/19 : Cl

ified i - Sanitiz

Declassified in Part - Sa



. / .

Declassified in Part - Sani ‘
art - Sanitized Copy Approed for Release 201/06/19

SULLLETIN DE L ACADEMIE
POLONAISE DES SCIENCES
1 11 — Vol II, No. 1, 1935

Cryomctric investigatio
by fractional distillati
by

w. SW IIQT()SLAWHKI

Communicated by W. S'WIETOSLAWSKI at the m

1. Introductory remarks
ulson and Jones 111 described
1aking place wl bases are su
Jation on an effective distilling columi. Under th
large intermediate fractions arc obtained without
separating the pyridine, 2-picoline and s
142-145°C. levels on the distilling curve.
wacki [2] determined the most ymportant physicu.l pr
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In our experiments we determined three equilibrium temperatures: i
t,, tyy and ¢,, where t, is the temperature at which the last crystals dis-
appear, t, — that at which from 80 to 90°/, of the hydrochloride becomes
; solidified, and t, corresponds to a state in which one half of the sample
1 1% 10 the solid and the other half'in the liguid phase. For simplification. ke
; only t;, the temperature at which the crystals disappear, will be con
E sidered in this paper. :

3. Cryometric messurements of forerummings: main and end-fractions

1t should be emphasized that technically pure : picoline fractinns 4
ususlly contain appreciable amounts of pyridine, 3-picshae, {-picol:ne §
and 2,6-lutidine. Among these bases 2-picoline is characferized by the
lowest value of ¢,. Below ¢, the values are given ior all of the pyridme
bases mentioned above.

Hydrochlorides 1% 3-Picoline 83
Pyridine 137.5 4-Picoline 161
2-Picoline 78 2,6-Lutidine 2338
Because of the large difference in the freezing temperatures of py-
ridine and 2,6-lutidine, the former precipitates in the forerunnings and
the latter in the end fractions of the batch distillation of technically
pure 2-picoline. For this reason, when experimenting with the hydro-
& chiorides, we must bear in mind that the above-mentioned contaminants 3
should be ealled “main components” in the fractions collected at the
beginning and at the end of the distillation. This is due slso to the fact 3
that the pyridine base hydrochlorides form eutectics with one another. 3
3 On the other hand, the middle fractions after being transformed
3 into hydrochlorides, contain such an excess of 2-picolme that the pre-
‘ cipitating erystals of the melted hydrochloride salts contain practically
] pure 2-picoline hydrochlonde. E
On the basis of the facts mentioned above, 1t ix easy to conclude
that in the fhrerunnings as well as in the end fractions two samples have
3 to be found which, after being transformed into hydrochlorides, should
4 each be characterized by s certain minimum “freczing” temperatute.
The composition of these two samples should correspond or appro-
ximate closely to the composition of the two eutectics. The first mini-
miim indicates that the composition of the sample is very similar to
thut of the eutectic pyridine- 2-picoline hydrochlorides, and the secomd
that of the ecutectic of 2-picoline- 2,6-lutidine hydrochlorie salts. Thus
5 the two fractions showing the minimum freezing temperatures of the
; hydrochlorides divide the distillation curve mto three seetions. In the 1
; first of these, pyndine hydrochloride is the main component, in the 3
second. 2-piculine hydrochloride, and 1n the third, 2.b-utudine. Conse-
quently, when prepaving a pure ‘E-picoliuu sample, the middle fraction
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;: only <honld be used for further recrystsllization of the hydrochloric salt g
. fromn the free base. '
3 It <hould be pointed out that similar phenomena can be observed
1 m all cases 1 which an intermediate fraction separates the two others
: whieh correspond to two chemically pure compounds collected in the 3
E recener. These two substances should form with each other an ideal -
E dnary euteetie, 1
4 3
1 . {
3 E
3 b
s * “-
, : k
i : 4
3 20 6 0 -
3 b1y 1. Distillation curve I of a technically pure 2-picoline fraction. Curve IT
3 <hows the temperature changes, corresponding to thedlisappearance of crystals in the 3
. melted hydrochloric salts. Temperatures f and ; correspond to the two minimum 9
[ freezing” temperatures indicating the existence of two eutectics: pyridine. 2-picoline .
K- and 2-picoline- 2,8-lutidine bydrochlorides, respectively. The main fraction F was col- 2
3 Jocted within 129.0-120.5°C". Its “freezing"’ temperature was constant and equal to :
18 Fraction # was collected within limits ranging from 31 to 62%,. This part of the \
drawing waw omitted in order to shorten the length of the figure.
1 4
‘ It was stressed above that the temperature of the disappearance
ol erystals amd not the -freezing” temperature was measured in our 3
3 Caperiments. This was due to the supercooling phenomena whieh often b
3 ke place not only in the case of pyridine base hydrochlorides, but in
nuny other cases as well. E
" ‘The phykical properties of the fraction of 2-picoline collected within E
3 12.0-120.50C. did net differ from those deseribed by Glowacki [2]. E
3 Summary
1. A bateh distillution of 2 technically pure 2-peoline may be combined with a crv- |
o ametrie investigatn o of the fractions after their transformation into Lhydrochlorides.
3 Flie removal of water and hydroehloric acid is an esay operation.
b 2. The curve showmg the change in temperature at which the disupperance of
criatals e the melted hydrochloride takes place is composed of thres sections. [u the 1
3
1 3
4
: ko
: 3
; 3
b .
E 3
o
L/
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3 > 36 W, fwsetoszawski and R, Clochomska 3
3 . tirst, pyridine hydrochloride is the main component; in the second, 2.picoline hydro~
j chloride precipitates fitst; in the third, 2,6-lutidine ealt is the main oom'ponem.o!
‘ erystallization. The three sections are divided from each other by hydrochlorides v;\'!}xch .
. show minima f, and ¢, corresponding to the disappearance of crystals. These minima ;
ehiow the formation of two binary eutectics. The first (f:) corresponds to the eutectic 4
3 pyridine- 2-picoline hydrochloride, the second (t{) to the system: 2-picoline- 2,8-lutidine 3
' hydrochlorides.
3. There i8 no evidence that pyrol is y ¢ in the technical 2-picoline fraction
‘ used in this investigation. k
DEPARTMENT OF PHYSICAL CHEMISTRY UNIVERSITY OF WARSAW L
4
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CHEMISTRY

On the azeotropic range of acetic acid with respect
to the homologous series of paraffin hydrocarbons

by
Z. KURTYKA
‘ommunicated by W. SWIETOSLAWSKI at the meeting of December 13, 1954

1. Intreductory remarks

' A method for determining the azeotrupic ranges of a certain agent A
] witl respeet to liydrocarbons has been deseribed by W. Swietpslawski
4 uul A, Orszagh [1]. This method couvsists in using some fractions of
5 wasohne, boiling within such a temperature range ax to have the lowest H*
3 and the highest H, representatives forming with agent A4 tangent, or
3 JImost tangent, boiling temperaturgisobars. 1t is not possible with this
1 method to determine the shape of the isobars formed by A with each
‘ of the representatives of series (H).

Having in view the determination of one point only on the isobar,
corresponding to the boiling temperature and to the composition of each
mdividual azeotrope, a large majority of investigators have used exclu-
wvely the fractional distillation method [2]—[6].

In the present investigation acetic acid was chosen as the azeo-

3 tiopic agent because of the large azeotropic range of this subatance with
; respeet to normal paraffins. The purpose of these inwestigations was to
k. determine, by means of the ebulliometric method, the composition of
4 the azeotropes and also the shape of the boiling temperafure isohars
formed by the acetic acid with each of the normal paraffin hydrocarhons.

Further details concerning this investigation aswell as those relating
to putification, analysis and the technique- of the chulliometric measu-
rements will be deseribed clsewhere [7]. Tt must he stressed that care
was taken to operate with highly dehvdrated substances and  ther
nuxtires.

2. Ebulliometric method of measurements

4 The ebulliometric method consists in observing the chunges hoth
4 it the bhothng and in the condensation temperatures each time a known

- [47]
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3 ~aanfity of one of the eomponents 15 added. Two Swigtoslawski ehulhio -
meters were used for this purpose. A simple one fitled with water servee f -
for measuring the pressure changes and a differential one. compirned 3

of three sections, was used for determining the bdiling temperature and
alto the two condensation temperatures of the liquidd vapour svstem
under examination. The results obtained are listed in Table I. lu o
lumn 1 ave Jisted the boiling temperatures of the vavious azeotrope-
examined, in column 1I — the composition of cach azeotropie mintut

k expressed in weight percentage of 4 (°:G). and in column TI1 the azen
{ : tropie depressions calculated with respect to the lower bulling compuon t
4 TAGLE I
p Substances R 3
1 Acetic acid 4 — (118.05) [ -
] . . -n-hexane ( 68.80) i 826 6o b o
R “ ,» -n-heptane ( 98.25) ‘ 91.72 3.0 [ k.
E: » w -n-octane (125.30) 105.70 53.0 ! 1235 :
-4 e . . -wmomame (150200 + | 112.80 69.0 525 E
! . -n-decane (173.30) , 1675 | 9.5 R 3
-y " » -n-undecane (193.85) o2 95.0 ' o3y
¢ t ‘
It can be seen that the 'shupes of the correspor hys wobars are v
flat, especially in the vicinity of the azeot ropic point-. With anmnercas
3 in the boiling temperature of the homologue, the flat shape of the o 3
E bars hecomes more distinetly pronounced and approaches that of 1l 3
4 isobars characteristic for typical binary heteroazeotropes. This may be
1 illustrated by the following example: the mixtures of acetie acid and

n-nonane, containing from 22.5 to 41 weight per cent of nonane, bl

: within the narrow range of temperature of 0.15°C.
3 In addition, it should be noted that the sections of the 1sobars v 3
near the corresponding azeotropic points are asymmetrical. -
The flat shape of all the isobars cxammed 1s probably due, 1o sonn
extent at least, to the restricted mutnal solubility of the components
At room temperature the mixtures formed by normal paraffins (ranging

3 . . .

§ from n-hexane to n-octane) with acetic acid are homogeneous, whereas ;
: the higher boiling paraffins form with acetic acid two hquid phase E*
; gystems. 3
1 The azeotropie range of acetic acid s very large:
Z(H)= ty, —tg,=193.85 — 68,6 =125.250C. 1

pio thas cqeation g, atel f, are the respective boting temperatutes o ]

5 n-nudecane, U, and n-hexane, H,: it should be stressed that both the~ 3

k. - hydrccarbons form almost tangent “uageotropie’’ isobars.
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The boiling temperatures of the twe azeotropes v §
3 :
liey lae W3WC 3
3 ' leny i, 030 E
1 Tac-loaoes wd fegem,y bemg the normal boiling temperatures of acetie
3 s and of the two azeotropes formed by acetic acid with n-undecane
j
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pip 1. Roiling temperatire isobirs Fig. 2 turves [ to I represent the re- 4
fyrmed Dy reeta acid A with paraffin lation between the hoiling temperatures b
pvidrocarbons (H . Curves from TtV of azeotropie musiures s i function of 3
represent the isobars {formmed by aceue the composition of .t- in weight (I). 3
4 acid with paraffins ranging from n-he- maole (113 and volume (I11) percentages
2 xane (I) to n-undecune (VI). Becuuse
of lack of space, several poinis ouly :
are given on curves Vand VI, instead L
3 of the large number of points establi. $
. shed experimentally
3 or n-hexane. The neighbouring representatives: the lower bothng n-pen- 3
tane and the lngher bmling n-dodecane form with acetic aend typieal 3
zeotropic mxtures”. E
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; To get .angent isobars for mixtures of 4¢ and U and of Ac and H,,
: the pressure under which the isobar has to be examined should be chan-
ged covrespondingly. 3

It may be seen below that the azeotropic range Z4(H) is charac- 3
terized by w large degree of asymmetry. In fact, in its lower portion
Lie—ty, is equal to 49.53° C. and in its upper one ty—t, .= 75.8° (.

As to the shapes of the isobars shown in Fig. 1 they are asymmet-
rical with respeet to their azeotropic points. This indicates that the E
fractional distillation method of preparing azcotropes may give rise to 1
errors. I fact. the flat and asymmetrical character of the isobars does 3
g not favour a sharp separation of the fraction representing the exaet -
' composition of the azeotrope obtained by distillation. For this reason, 4
3 in determining the exact composition and the boiling temperatures of
azeotropes formed by acetic acid with hydrocarbons, ‘he ebulliometric
E method offers better results than the distillation methos '

" In Figure 2 the shape of curve LI representing the relatich between 3
3 changes i the azeotropic temperatures of the respective mixtures as
a function of composition (mols per cent) cannot be presented by using 1
1 an empirieal equation sunilar to those suggested by H. Skelnik [8] for 3
3 other azeotropes. In this case better results might have been obtamed
] i an equation similar to that used by Lecat [9] had been applied.
3 P wish to express my thanks to Professor V. Swigtoslawski for his E:
3 help and adyiee, j
.\ Summary 3
; b The bohug temperature isobars formed by mixtures of acetic acid with normal 9
paraffins, rangng from a-hexane to n-undecane, were ebulliometrically examined. k.
The borlmg temperature and the cuinposition. of each azeotrope are listed in Table 1.
3 2 Expetiments have shown that the isobars are characterized by very flat sectious
i i the viemity of the azeotropic points,

3. Normal hexane s the lowest and normal undecane the highest boiling paraffin

g forming almost tangent “azeotropie” wsobars with acetic acid.
4. Al the wsobars are eharacterized hy asyimetry of the sections Iying near the F
] point representing the composition of the azeotropic points,
o

The lower portion of the azeotropic range ix muoch smaller (453°C".) than the
3 upper one (75° ).
DEPARTMENT OF PHYSICAL CHEMISTRY, UNIVERSITY OF WARSAW
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CHEMISTRY

Ideal cutectic systems
by
W. MALESINSKI
Communicated by W. SWIETOSLAWSKI ot the meeting of December 13, 1954

1. Gemeral asommptions
Let us consider a series of two- three- or multicomponent systems

formed by any organie compounds which do not react with each other
form so-called

and do not form intermolecular complexes. Let them
simple eutectic gystems in- «which the lignid homogeneous phase is in

cquilibrium with the solid phuses, each

solid phase consisting of a pure com- B
ponent.

Tn order to determine the equili- [ ] .
prinum temperatures in the whole con- '
centration range it is necessary toknow
the relations determining the partial 8,
freezing temperatures of each compo-
nent, depending in general on all the 8,

mole fractions of the components.In ge-

7 —-

neral the relations mentioned above are 8
{ifferent for each of the components.,

Jdepending upon the chemical character ¥
of the other components composing the 8

. stem, Because we are unable to des-
whe these relations in general terms,
we are forced to determine expert-
mentally the parameters defining the X - 3,
cquilibriim: state of the system. B &
The problem hecomes more simple  Fig- 1- Gwigtontawski's scheme for
. ' . . a series of eutectics formed by compu-
when a series of eutectic systoms 18 . :

A R nent B, and a series of compounds
tormed by chemically related comp- closely related chemically.
ounds characterized by similar physi-
cochemical properties. In connexion with this we suggest the division

of all orgavie compounds forming simple cutecties into groups formed
‘t

-

'’
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I sinular, chemically related compounds. Below we wil consider excl
sinely systems composed of such compounds.

the rel

According to Sw
temp

2. Eatectic systems formed by ch

erature of a given coxiponent de
fraction in the solution
crated with the coexistence
these simplified relations

ically related 1

|
|
\
] \ y .
| -\ VN AN
/ ! oo\
i { \ / \
l’ l 1 / , \
‘i \
/ | A/ , \
! L ! | 1}

Fig. 2. Branches of a eutectio system formed by a pure
component B, and a binary eutectic mixture Ep,s,,
where Tg.-:Tz;”n and Tp, =T,

and Ejpg, are equal (Tp, =

ST ke Xy

in Fig. 2,

The ¢

ST Xy Kgy e

same group of structurally ane
chemically related substun
ces. First of all, two com
pounds helonging to the s

the same freezing tempera.
ture are characterized by the
same ideal solubility curve
(Fig. 2 substanee B, and
I B,). Next, when two compu

~ neats B, and B,, fur example,

forming & two-component eu
tectic mixture Epp have the
same freezing temperature
T5,=Tp,, the solubility cur-
ves of the eutectic mixture
£ip,5, and of the pure compo-
nent B, are identical, if the
freezing temperatures of B,

"gma'). This relation is graphically represented

onclusions given above may be treated as a basis for construeting

a model of a hypothetical multicomponent eutectic system, in which all
the components will have equal freezing ‘temperatures. Assuming, just

as for the two-component

solubility curves
eutectic mixtures,

eutectic mixture Ej,,, the identity of ideal

of pure components and those of multicomponent,

v

if only the freezing temperatures of the pure component

Release 2014/06/19 : CIA-RDP80-00809A000100150013-5

ietostawski’s {1] assumption, the partial freezing
pends exclusively upon its maole
and 1s not influenced by any other relations asso
of other components of the system. In Fig |
are shown on a diagram.

Hence we may assume the existence of a certain function
ation between the partial freczing temperature of the
bonent and its concentration.
the weal curve of solubility,

expressig
given com-
This funetion will, of course, deternune

Penkala has recently collected [2] experimental data showing that.
in the first approximation, Swietostawski’s assumption seems to he
On the basis of these facts further conclusions may he
in which the components belong to the

correct.
drawn for systems

l

me geries and both having
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« 3 aml of the cutectic mixture are equal, one can show the correspondence
; between the constructed model of w hypothetical system amd that of
A4 real system whose components are characterized by ditfferent freczing
1 temperatures, -

3. Further consequences

The consulerations mentioned above, as well as the analy sis of the
mdel Tead to’the conelusion that for o myven series of echemeally related
compottnds @ universal function may be found embracing all the solubn-
My curves

opre T,

By 1= j(ru,)
fu tlns equation 77 stands for the partial freezing pomt of component i,
Z, - denotes the concentration of that component, m - is a constant for
the given component £ and will be called a cutectic parameter of compounent i.
Thus m; does not depend wpon the temperature. The validity of equation
(1) depends on the degree of approximation introduced by the above
assumptions. The use of this funetion should make it possible to determine 3
the relation between the partial freezing temperatures and the composition
of all the compounds involved. Function f should be considered as an un-
known universal function characterizing the whole series of compounds
under consideration. It is a funetion of one variable and may be repre- 1
sented by the ideal solubility curve. The stable part of thy solubility curve k:
m a given system fixed by the freezing temperatures of the pure com-
punent and of the eutectic mixture, may also be called » eutectic hranch ;
of component /. In the case of s three-component system the universal E
function (1) may be graphically represented by a cylindricsl surface :
2 on a tridimensional diagram T, x,, z,, for k-component eutectic systems

it will be represented by a hypersurface on a k-dimensional diagram.
Parameter m; is defined hy the limit conditions of relation (1). For
b Ti=T;, where 1 corresponds to the freezing temperature of the pure
3 component I, a; -~ 1. Consequently

P 1 1
@ i) ey £

where =1 is reversed with respeet to f, so that if y - f(n), then n —: f~1(y).

1 4. Conclusina- 4
A On condition that the freezing temperatures of the pure components
1 are known, and that either the universal function or one of the solubility 3
§ curves or even one branch of the eutectic system for a given componens 3
1 is known, it is possible to determine in a given range of temperature, 3
1 the ideal solubility curves for all the components. In this way, too, it is 3

14
3 3
N E
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possible to give a full description of the equilibrium parameters for ali ‘
: of the two-threc-and multicomponent cutectic systems formed by a series 3
4 . of chemieally and structurally reluted subitances. k
3 We apply the term ideal culectic systems to those simple eutectic 4
systems which are eomposed of the above series of compounds, for which 3
1 the equilibrinm parameters are determined by the universal relation (1) E
2 expressing all the solubilit Y curves. So equation (1) and the universal cha- 3
3 racter of function f are the eriteria of the ideality of a multicomponent 4
: cutectic system, 1
3 !
§ Summary
: L 1t is suggested to divide all organic compounda forming sMutple cuteetie systema
nto groups of chemicallv related compounds, ;
,: 2. A type of dmple multwomponent eutectje svstemn, formed by compounds
4 closely related chemivally, and called an ideal entectie system, was deseribed. 3
b 3. It was shown that in an ideal eutectic system a universal relation (1. deternnn- ;
3 ing the ideal solubility curves of individual components, is fulfilled. 3
3 DEPARTMENT OF PHYSICAL CHEMISTRY, UNIVERSITY OF WARSAW
: REFERENCES 3
3 (11 W. Swigtostawski, Roezmki Chem, 23 (194y). 1. i
4 ~— Metody rozdsielania . fezyssezania substaneji, Warszawi. 1953, Y
k: @ — & paper not yet published E
3 (2] T. Penkala, Bull. Acad. Polon. Sei., CL HIC 1 (1953). 145, i’
== Roezniki 'hem. 27 (1953), 247, B
3 )
: v 4
: 1
? 3
3 ;
:
b 3
{ . ]
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:
kr 3

\ P A R : CIA-RDP8O- A 50013-5
~ Declassified in Part - Sanitized Copy Approved for Release 2014/06/19 : CIA-RDP80-00809A0001001
das LclldssllicU Il Fdll y APPIOvVeEU TUI REiCd




Declassified

f

t

in Part - Sanitizd Copy Approved

\ . S
BULLETIN DE L'ACADEMIE N
POLONAISE DX$ ACIENCES
CL IIT — vol. I, No. 5, 1968 . ‘4
- .

General Properties of Ideal Eutectic Systems..3f . :

by
W. MALESINSKI
Presented by W. SWIETOSLAWSKI on March 9, 1088 ~ .~

Is o preceding paper [1] a classification of simple entectic systesmy
was given with the assumptior that for & series of substances: closely
related structurally and chemically the relations determining the soladi-
lity curve may be expressed by the equation: G N

(1) -'=/(%"),

T; stands for the peptial freezing temperature of component 4 being. in
equilibrium with the liquid phase containing 2 mole thieiia of Wik
component ; m, is a constant eutectic parsmeter of compoibiit %, iy Vafud
does not-d»pend upon the temperature. For two other delibératély chosen
components at the equilibrium tempersture we may writo: s

fre) -

Because there is only one value z for a given component at a given
equilibrinm temperature, we conclude that

(3) Bk o ™ .
m my Ty My

Equation (3) expresses the relation existing between the two ideal
golubility curves (called oftén eutectic branches), which may be for-
mulated as follows: the ratio of the concetrations in the lignid phass
of two deliberately chosen components in 8 two- three- or multicor-
ponent sutetic system, being in equilibrinm with pure solid phase: of
these components, remains constent. In other worde, the ratio of the
solubilities expressed in mole fractions of two components does not do
pend upen temperature. In Fig. 1 this relation is represented graphically.
Consequently, if the values my/m; =k, are given, it is possible t¢ draw

(%67}
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L 8!l of the curves representing the eutectic branches on the basis of the 3
3 shape of one of them. 1
3 There is another consequence resulting from equation (1), namely, ‘,
4 at any temperature, including the eutectic one, relation (3) remains 4
3 unchanged for any pair of the components of the system. If we take f:
3 into consideration a binary ideal eutec- 3
1 tic system, viz., that at the eutectic 5 3“
E point z,+z,=1, we may rewrite equa-
3 tion (3) in the following manner: 5 :
L _my . my
W m=mw S Tmem g
i _ These two relations define the com- .
position of the eutectic mixture, ex- ‘ 3
; pressing it in terms of m, and m,. For 3
@ k-component system the mole fraoc- 5 3
] tion of component i may be calculated . 3
in the same way ’ ;
1 (5) ml:"%, 1/ 3
oy |
3 -1 "
1 where m, is the constant eutectic pa- - i 4
3 rameter of component i. Fig. 1. Ideal solubility curves cor- 3
] Another property of the ideal eutec- responding to the constant relation: k.
1 tic systems consists in the general form . m 4
in which the ideal solubility curve of ;’j = 1—’—‘; =k,

the eutectic mixture may be expres-
sed. Knowing that for a binary eutec-
tic mixture in a system composed ‘of any mnumber of components

a,/zy=const., we may write:

(6) T+ Ty =g,

We call zz, a mole fraction of the eutectic mixture of comtponents 1 3 i
and 2. According to one of the conclusions given in a preceding pa-
per {1], we may use for components 1 and 2 the following two relations:

(n y=myfYT3)  Z=mafHT2).

The intersection curve of two surfaces (7) expresses the solubility ;,.
of the eutectic mixture E;,. Then at & given partial freezing temperature
of eutectic mixture Ti, both general equations (7) must be fulfilled:

(8) ry=mf~YTE,) @e=mef~Y Tk,)-

b
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Combining equaticns (8) withsf2} we. obtain:
8) T mpmay ey TR R R

T . RS R E1 L RO

or

(10) Ty = ’(_‘-FL' '

A similar consideration ledds us to the oonclusion that the partis?
eutectic freezing temperature for an ideal eutevtic mixture composed
of k-components is expremd.by the equation: .

(11) Ty, = f[ oot
2"’1

i=1

B &

Let us consider the ideal solubility of the binary noneutectic mix-
ture M,; cohtaining an excess of: comipopent 1 as ‘eotapared: with the
composition of the eatectic >hixture X, In-this oase te' Patio of the

mole fractipn s’—'—a is constant. ud lowee than- that, which corresponds
to the euntectic' mixture E,,, ‘Fo:this résson

ca<D,
’ : "
In the considered case: o
- aaiae v
(12) Bp,= 01+ 2, :

where zu,, denotes the mole fraction of mixture M;, in the solution.
Finally, we have:

(13) o=

It equibbziura is established between the infinitesimal amount of
component 1 and i solution (component 2 is found exclusively in the
solution) the partiai ireezing temperature T, is represented by the equation:

&
(14) Tx-—f( )

My
Substituting £13), we obtain:

1 whln
(15) Ti= ot}

Equalicn {1R) represents the temparature at which the solid phase
of componens 1 &iaxi-nears whan the mixture M,, having a non-eutectic
eomposition is disssived in the solvent composed of all the components
of the aystem except 1. If a=0, then x,=0, ru,=x; and (15) is reduced
to equation (14).

S . . = - o ‘ . . ) . I | . -
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Stuth; with the gemessl; equation. (1), some of the propertiec of
outectic pystems eompuaﬂ of chemically and structuraily related com-
pounds were formuhhi. In p.tkmhr the following relations were
given:

a) The solubility ratio of different compounds at the same tem-
perature is oenstant nd equel to the ratio my : m, of the eutectic para-
metass, ol

b) The composition of:a. 2-compenent enteotic mixture ie detsrmined
by the enteotio paramoter in the following way:

N - ny
Y= -

my

, (2

o): Tho nolubimy .ourves of-the.pure component and the solubility
curve of the mixturs of these components, having eutectic or non-eutectic

. compodﬂon, are exprossed by the same universal funotion and by the

same’ evisotic paraméters charscterizing individaally esck of the com-
ponentz. The parameters do not depend upon tie temperature.

INSTITUTK OF PHYSICAL CEXMISTRY, POLISM ACADEMY OF SCIENCES.
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Ternary Ideal Eutectic Systems. 111

by
W. MALESINSKI )
Presented by W. SWIETOSLAWSKL: on Mavch 9, 1955 s

Several years ago Swigtostawski [1], basing himeelf on experimen-
tally established facts, suggested that ternary eutectic systems sbould
be divided into two groups: ideal and non-ideal. In Fig. 1 » graphical
presentation of an ideal ternary eutectic -
system is given. It can be concluded from
the graph that the main property of an
ideal ternary eutectic system consists in
the following phenomens: three lines, AEjc,
BE, sud OEu, which join points A, B .
and C of the concentration triangle with
three others representing the composition
of the three binary.eutectics Euc, Epc snd
B3, cross one another at & commoxn point 4
E‘x' 3 Iy

This condition is fulfilled when Fig. 1. Tomasy Meal entoctl

(1) 6,0,6, =010y

In Fig. 1 the values ay, by, €1, Gn b, and ¢, are graphically represen-
ted. They correspond to the mole fraction of each of the components
in binary eutecticts. The condition that the ternary eutectio mixture
is located in the common crossing point of the three lines is made clear

by the following equations:
a G b_b, c_6

@ b=b, ¢ &' & &
2 s Gy
Symbols @,d, ¢ represent the mole fraction of the components in
the ternary eutectic mixture. The question arises, however, a8 to wie-
ther the condition with regard to the general properties examined in
the two previous papers [2] are iulfilled, if the ternary eutectic system
i271)
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S TABLE1 . i1 i
) = ! ;5 ke
$ ] " Composition of binary euteotic mixtures Composition of ! b
g8 System - P ) ternary euteoctie ' 4
89 s AB sC. ’ Epc ___ mixtures ! 3
b = & __1=*, onle. 2%, e3p. [ 2%, oalo. [a¥, exp.| =¥, cale. | z%, exp. | =¥/, oalc. | ¥, exp.
A 1, 2, 3-trichlorohenxane . 1.000 308 31 349 l 85.2 2 1
X — — 8 2 |
1| B (124 ”» 224 | 091 69 — - ] 125 F.r‘s 1 o v
P4 1's's . 3 58.0 b
'3, 8- " 0.823 - — 45.1 44.8 2.9 27.6 20.3 N6 4
A | o-nitrophennl 1w | 722 725 | 3 w5 | Y ! b
K A —_— —_ 8. A E
Ié -, 0384 ] 278 2.5 — sy 5456 MR8 22.Z g; b
P n 0321 — — %.3 24.5 445 452 188 19.1 ! E
A | e.nitroaniline 1.000 736 74.8 82.0 814 .
. X - — 634 07 3
l({ m- 0358 | 26.4 95.5 — - 620 63 227 20 i
; Y lee 0218 — — 180 18.6 38.0 37 12.0 13 | =
£ © | A | eateshol 1.000 | 604 4 735 o - — 2 = 3
i ‘x& B, | ressrcinol 0984 | 400 53 i 732 | 10 o | 8 = ‘
| &7 €| hydroquinol osMo| — — %5 | 2 288 30 16.3 19 2 :
3 % | A | o-chlorobensoie ss, .- 1060 | g8 57 864 88 - —_ 529 62 =
EXE- L " 07| 419 4 - 4§ = 809 80 3.1 39 x 1
# e o» . ol73] - - He ‘| 1 19.1 20 9.0 9 - &
b L . 4
4 ; . .‘I’ Goklorobensoic ae. ] 1000 | ez &7 us a8 — — | 22 o5 4
E ! Bim- - " 0719| 438 a, — o 6 313 | 220 20 3
4 § 4 b a0, ] 1.780 —_ — a8 64.5 9.4 €8.7. 498 56 E
% % ] A | 84,0 trinitrotoluene 1.000-| 420 43 129.6 3) —-— i
7 3| B | 4 ddinitrotolusme 138 | & 57 —_ —- 30.1 40 oy e :
% ¥ C’ ?-nihotoluone 218 .- - .04 (] 60.9 60 474 48.0
bt §:5 | A " £ 4, 6-trinitrotolnene 1000 | 124 124 ne — 1
Q% % o-nit otoluens - 708 | 818 818 . oy 760 . 6o | eos ;
E LT e . 2287 | i 9.0 09.0 24.0 2% 21T 21 ]
A .| &, £dinitrotsluene . 1.000 183 15.8 ﬁ.L <0 —
%_' toluene 5.14 83.7. 84.2 - pia-) = 76.7 ' gg ;g; ! 4
4 L 1.560 | - — |- e 60 238 .| % 202 | 186 , 4
i .
3
: ]

3
q
4
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S - : — -~ @7 . -
o-nitrotoluens - . e i * ws | o s .
;-: » . — 193 [ 80.4 33 163 3¢ ¢
- o I - o q
PG ‘10 — - 33 9 4
$ *t eulpbonsd - : : udil’ B 136 13 12.5 1 3
.c R olw i , . - 0.5 90 86.4 87 b % 80 3
b " N Pos P _ - 483 49.5 -
A | @i (o-nitrophenyt) carbeuate 1000 | “643 od7 - 65_il s 528 %08 b 3
B | ai (0. p'-sitrophenyl)carbonate il 383 oy 342 w82 | 418 uo | 267 1
] ¢ | di (p-nitrophenyl) carbenate | 0817 = = - as 03 | 3
N : ‘L0 | .1 X a7 — -~ : ! ]
E: i > A nlphthf?lg . S 1e8- '23‘ < 3:: —_ — 21.1 278 2.1 2;7’.2 v |
b s \.g me L ‘9000 | - = — 968 96.3 788 24 725 70. 3 5
p R ) 19 218 — w =~ 17 142 3 |
3 A |nuphthalena 3 w m lli%.: — — 101 9.07 %9 sl%;g i 3
E o M g m::: s | — — 8.1 97.82 0.0 90.23 834 2 § 9
o . i E
. S ool P as- | 87 14 218 - — 11 20 o '
3 "} A | paphthafene 1000 | 3 . iy - =0 18 22.7 19.0 ty
- B | muryleme 204 | e g 8.6 oas | T 820 | 782. | 700 5
3 : : — 9.4 0.5 3 3
E 000 241 24,3 133 133 — . :
3 A | pxylene s | e | wa — = 26 | 228 | WY & :
f: 16 g = xylene 8.52 —_— - 868.7 86.7 014 87.2 . : 5
A i - 4 23
4 A | p-xylene 1000 | 243 24.3 29 25 — by 3 : 5 H A
3 316 | 87 787 — -~ 1.6 ; o | 02
,, B [ Y n 924 2.3 80,2 3
" ¢ | ethylbenzene 3843 — - 9.5 975
26 Y — —_ 2.2 2.2
4 | p-xylene kg‘z’" gg“‘ ,:gf.; = — 158 16.56 184 1.8 :
e, 8 g :lt-hyl'l'mn:eno 370 R —_ 14 95.8 #2 8.6 el 80 1
e 3 - . 14.2 A
%1" A | benzens 1.000 Eﬁ-; 3; 8o o 189 180 1.8 18.5 4
4 18| B | moyleno : o Ml ' | o4 | wss | ma | 820 | 73 | 693 1
4 ! . - 6.8 7.0 ]
E 317 | . 328 80 71 —
, 3 | gz IR R R T TR
%0{ B |lm- ,, e e — = 920 223 84.2 83.5 a
b ¢ | ethylbensene ‘ B Bl '
a .
E:
1
: .
3 E
1 f
1 4
3 4
i 43
3 ]
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W. Malesifiski

ig an idesl one according to Swietostawaki’s definition. For proving this,
let us use the symbols m,, m,, m, for designating the constant eutectic
parameters of the three components A,B,C. According to previous con-
siderations [2], we may write the following equations:

ay

b e Mt my -
3 . =T
@ WYt M
bia TN Ty .
?‘ my oy o my+my’

which fulfill the condition that a,b,c,—=a&bse;. .
On the other hand, we msay express the composition of the ternary
entectie mixture in u‘rml of values m;, m,, m, a8 follows:

| ——M_ . M m
,‘ W T T TETmEm TmTmie

Then the nnn)ba ‘of components k is equal to 3.

It is° casy to ses that the conditions of equations (3) are fulfilled if
the relations (3) and (4) are eorrect: In the.same way it is possible to
prove that Swigtoskwski's otlier acheme [3] given for quaternary and
pelycquiponent mﬁd_loconuz For instance, for an ideal eutectic
.m emon&dv __‘ Wﬁ 4,B;0,D,F it is ‘possible-to con-
sider that it is compeidd of eomponent 4 and two binsry eutectics Epc
and Epy, or even of two components 4 and B and one ternary entectic.
In both cases Gibba’s coneemtration triangle
may be used for graphical presentation of
the phenomens taking place in those sy-
stems.

Because a relatively large number of
ternary emsectic amixtures formed by chemi-
 cally and Mruckarally. “elosely related sub-
) s‘mmu'hawimonnhed[qitispoe
£\ » tible to determine whetler or .not these

% systems bﬁnt to idnlorllmutldeal ones.
ﬁ“&&“"ﬂ;’m The results are shown in Table L The pa-
tions & ynaternary ideal glibeo- . rameters my of the eonrponmu have been

¢ tesystem. :... calonlsted from the experimental somposi-

casavarnt =
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Ternary ldear Luicde Syaems T

tions of binary eutectic mixtures. In Table I the following data are
given: a) the mean values of the parameters 7, taking one of the com-
ponents as reference compound (m=1), b) the compositions of the bi-
pary and ternary eutectics calculated from equations (3) and (4) in com-
parison with experimental ones.

1t should be noted that in the case of five out of 20 systems (3; 4, 6,
10,19) no satisfactory agreement was found. The differences between
the calculated and the observed ‘composition of ternary eutectics are
less than 1%/, mole fraction for six systems (2, 5, 8,14, 17,20) and bet-
ween one and three per cent for the nine remaining systems. The con-
clusion may be made that in this way the composition of ternary eutectic
mixtures may be calculated with a satisfactory agreement. This is an
indication that a large pamber of ternary eutectics formed by chemically
or structurally related organic substances often form ideal or almost

ideal systems.
Summary

1. The conditions oxpressed by equations (1) and (2) were given

for defining the ideal eutectic Bystems described by Swigtostaweki.

2. It was shown that the general properties ot ideal three- and
polycomponent eutectics, examined in th%two preceding papers [2] are
in close agreement with those defined by wietostawski.
he composition of ternary euteotics

3. A table is given showing that t
formed by substanoes closely related both chemically and structurally

may be calculated with a satisfactory agreement. .

INSTITUTE OF PHEYSICAL CHEMISTRY, POLISH ACADEMY OF SCIENCES.
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The Change of the Mutual Exchange Ability of the Same
Pair of Anions or Cations in Dependence on the Size of _
the Accompanying Ions. I ‘! :

by
T. PENKALA
Pnu)‘uerl by W. SWIETOSEAWSKI on March 22, 1955

In a paper published in Roczniki Chemii, W. Swigtoslawski [1], (2] 3
has given a scheme of graduaal transition of organic compounds in binary
mixtures from solid solutions with unlimited mutual solubility to ideal
eutectics. This transition is correlated with the gradual increase of the

Y difference in shape and size of the molecules of the substances in the i
binary systems. On the basis of an adequate comparison of experimental
data collected from literature, it has been observed that the given scheme
is also true for binary systems of inorganic compounds if we examine

] the increasingly difficult mutual exchange ability of the same pair of
5 anions or cations in relation to the influsnce of the size of the acecem-
panying ions. With the decrease of mutual exchange ability of the same
pair of ions in the cristalline network we pass, conforming to W, Swigto-
4 slawski’s scheme, from solid solutions with anlimited mutual solubility
L to solid solusions with limited solubility, and finally to ideal eutectics
; with pure solid phases of the twe components.

As Goldschmidt [3] and other authors [4] have shown for binary
systems, mutual exchange ability appears in ioms, the radii of which
do not differ from each other by more than 15°/,. Goldschmidt has ob-
served that the mutual exchange ability of the same pair of jons depends
on the type of the space network and has demonstrated that in’com-
plicated structures of multiatom compounds there could appear signi-
ficant structural gaps, which caused an increase of the mutual ion ex-
change ability. In binary systems of inorganic compounds characterized
by a simple chemical composition and a simple structural type the in-
fluence of the size of cations on mutual exchange ability of the same
pair of anions can be observed, #8 shown by the following examnles.
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T 278 T. Penkala
Comparing three binary systems KOH-KF, NaOH-NaF and LiOH-LiF 3
e pair of anions 3

(Fig. 1), we can state that the mutual exchange of the sam
occurs the easier, the greater are the cations bound with the anions.
The radii of the ions in these systems and
3 below are the following: ¥’ —1.33 A, OH' —
; 1.96 A, I' —2.20 A, Li —0.78 A, Na —0.98
1 1.43 A, 8r" — 12T A

'_ ¢ ¢ I ;,
3 o 500 i
ﬂ i ‘

reT T TR Y T '

XOH . m0! E e
Fig. 1. Incrense of mutual exchiange abilits of F’ and OH’ 3
with the incrense iu size of cuations 3

in the systems mentioned 3
1.53 A, C' — 1.80 A, Br’ — 3
A, K-133 A, Ba" — 3

We 2lso -see the same relationship in the systems: 1) KOH-KCl,
which forms a solid solution with @ small miscibility gap; =) NaQH-NaCl,
which forms a solid solution with a significant greater miscibility gap; ]

3) LiOH-LiCl, which forms a eutectic (Li0H+3LiCl-2 LiOH). '.l‘his re- ;
1 v a
. v: R0 e i
~ | o
Ao ﬁ
f { v A
: L3 %mo! [G
ME e G i

Fig. 2. The gradual decrease of the minimum point of the solidus
curve is related with the imiscibility decrease of the components in
the =olid wolutions

gularity occurs also in the systems: KCL-KI, which forms a zolid solu- b
3 tion, and NaCl-Nal. which forms a eutectic composed from the pure 1
‘ component NaCl and the solid solution Na(Cl, I). 3

Equally, the mutnal exchange of the cations is the better the grea- 3
ter the anions. This relation is seen on the following example: (Fig. 2) ‘
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?he Change of the Mwiual Brchange Ability of the Bame Pair of Anions o7 Cations 279

Nal-KI spd Nasr-EBr form solid ‘doiutions, NaCl-K€l form & solid
golution which undergoes, in lower temperatures, & patisl separation,
NaF-KF form a eutectic composed of the pure phase KF snd mix-erystais
(Na, K)F.

The example given on Fig. 2 evidences the relationship between
the decrease of the miscibility of the components in the solid solutions
and increase in curvature of the solidus curves in such & way that the
mumimum of the freezing temperature gradually decreases. The difference
bhetween the freezing temperature of the lower freezing compenent and
the minimum point in the following mixtures are: KI-Nal — 74%, KBr-
\aBr — 114°, KCl-NaCl — 126° The increase of the conoavity of the
1 solidus curve can be found too in the solid solutions NaBr-LiBr and
- 3 NaCl-LiCl. In the NaBr-LiBr system the minimum point of the solidus
curve lies only 27 below freezing point of the lower freesing component.
But in the NaCl-LiCl system the smaller anion depresses the mutusl
exchange ability of the same pair of cations: this appears in the fact
that the minimum point lies 62°C. below the freezing temperature of
{he lower freezing component, and, besides, in lower temperatures the
solution shows the demixing of the components.

A similar relationship, Viz, the lowering of the mihimum of the
golidus curve with the decrease of miscibility of the components, is seen,
\n the systems formed by snalogous galts of two valency metals. For
example, the solidus curve of the solid solution (B#, SHF, has a deoper
minimum than the curve (Ba, Sr)Cl,. The freezing points of the pure *
components are: BaF; — 12809, SrF, — 1260°% BaCl, — 955¢, 8rCl, — a70°.
1 In the (Bs,Sr)F, system the minimam point — 1080° lies 180°C. below
the freezing point of the lower freezing component. In the (Ba, Sr)Cly
pystem the temperature at the minimum point — 847¢ — is only 23°C.
below the melting point of SrCl,. The observed regularity concerns binary
systems of inorganic compounds which do not show too strong ionic

polarization.

Summary {

1. Tt has been observed on crystals of halide salts, which do not 3
show too strong ionie polarization, that the gres;ter the haloide ions, 3
the easier the mutual cation exchange, and the greater the cations the 9
easier the mutual exchange of the same pair of anions.

o. It has been found that W. Swietoslawski’s scheme concer-
ning a gradual transition from solid golutions - to ideal eutectics, i8
also true for binary systems of inorganic comipounds in the case

when mutual exchange of the same pair of ions becomes more and more
difficult. ’

ot e —

Declassified in Part - Sanitized
art - Sanitized Copy Approved for Release 2014/06/19 : CIA-RDP80-00809A000100150
: - 013-5




!

Declassified in Pa

N L - ! . . '
rt - Sanitized Copy Approved for Release 2014/06/19 : CIA-RDP80-00809A000100150013-5

-

T. Peakala

3. With the decresse of miscibility of the components in solid solu-

tions the tendency to a gradual decrease of the mini i
ion: minimum point of
“solidus” curve has been observed. ? o e

DEPARTMENT OF PHYSICAL CHEMISTRY, WARSAW UNIVERSITY
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CHEMISTRY

The Gradual Transition from Solid Solutions to Eutectics
in Binary Systems of Inorganic Compounds. II
by
] T. PENKALA "
Presented by W. SWIHTOSLAWSKI on Maréh 22, 1955 1

I the preceding paper [1] it has been demonstrated that the scheme ;

3 given by W. Swietoslawski concerning the gradual tramsition from solid b

b ~olutions without miseibility gap through solid sola- 4

tions with miscibility gap to ideal eutectics (Fig. 1), k

15 true 1n the case of gradual increase of the difference

i structure and size of the molecules in the organic 1

suhbstances which form binary systems.® : b

In this paper the literature data-concerning binary 3

; -vstems of monovalent metal chlorides has been col- 4

3 lected and a gradual transition from solid solutions to -

' deal eutectics, similar to W. Swietoslawski’s scheme

E for organic compounds, hus been observed.

1 In organic compound systems the formation of

4 4 solid solution or a eutectic depends, according to the

4 m estigationis of, Goldschmidt [4], [5), on the cryatal-

J chemical resemblance of the ions; this resemblance is

f correlated with the ionic radius size and the polariza-

A tion tendency of the ions. In halide salts of mono-

1 valent metals the weakest polarization is shown by
fluorides and chlorides, since the polarization of the
anions increases with their dimensions. In these sy-
stems the decisive factor which influenced the for-

3 mation of solid solutions is the size of mutual exchan- :

b ging ions, in the same way as the size of molecules Fig. 1. W. Swigto- _ 2

i molecular networks of organic compounds. Hence elawaki's scheme of

the relationship given by W. Swigteslawski for or. 8radual transition

ganic compound systems is also.true in case of binary £rom solid solutians
L. . to eatectics in or-
systems of jonic compounds with a not too strong ganic compoundsy- 3
ionic polarization. In the examined series of binary +tams
U

A 8 3

3

——— [ R, .
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‘ systems, shown on Fig.2, a gradual t:ansition from solid solutions

b without a miscibility gap to eutectics through solid solutions with
i 4 minimum, ean be observed. These soiutions show in the lower tem E
:
] ]
: * 4
4
3 ‘
3 Fig. 2. Mutual exchange ability of monovalent cations in A
erystalline network« of metal chlorides. In parenthesis the 4

cation radii, in

pevature range a spountaneous demixing of the components (Fig. 2b) or E
2 a4 gradual cxtension of the miscibility gap when the difference in size 4
: of the cations increases (¥ig. 2,¢,d). 4
2 The relationship discussed, regarding the gradual tramsition frc.c 3
3 eutectics to solid solutions is also true in case of mutual exchange of 4
anions (Fig. 3). * 4
In the systems discussed it can be observed that in case of a com-
mon anion snd a great difference ix size of the cations double salts are 4
] 4
b
E 9
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The Gradual T'vansition From Johd Solutions to Eulectics ix Bimary Nysiems 2R3

7 formed and the eutectics are composed of double salts and o1 +he main
- component (Fig. 2e,c,d). In the case of a large difference in size ot i
3 anions in hinary systems of salts with a common cation a similar in-
fluence has heen noticed. For example, the NaOH-NaCl system forms
a4 s.lid solution, NaOH-NaBr, an ideal eutectic of the eomponents, but
mn the NaOH-Nal system a eutectic NaOH + 3Nal-2NaOH is formed.

It has been noticed that there is a reduction of miseibility of the
components in the solid solutions when the tendency to depress the s0-
Lidus carve minimum increases. With the increase of the difference in

L4

{8
N
\\\ EA «’cu(v.n?)

~X\

{4

Fig. 3. Gradnal transition irom solid soluzions to eutectics in
: the case of mutual exchange of anions. In parenthesis: the
3 auion radii figores

size of the anione in the solid golntions K(1, CN), K(Cl, Br), K(CL 1)

shown in Fig. 3, the solidus curve minimum gradually decreases. Simi-

larly the solid solution (Na, Ag)Cl shows no minimum, but with greater
E difference in cation size, the miscibility in the (Na, K)Cl and (Na, Li)Cl
3 golutions is lower, which is seen in the demixing into components of
solid solutious at lower temperatures and the disappearance of & mi-
nimum on the solidus curve (Fig. 2b).
3 In the case of gradual transition from solid golutions without mis-
cibility gep to eutectics, caused by increased difference in ion size, there
{ can be distinguished the following intermediate stages:

1) solid solutions without a minimum;

2) solid solutions with a minimum, which in lower temperatures
do not undergo demixing into components and have the tendency to
an increasing depreasure of the minimum point with the increase of the
difference in dimensions of the exchanging ions;

3) solid solutions which separate into components at lower tempe-

3 ratures;

o8
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-$) wolid selutions with a minimum, which show a separation into
oomponents at temperstures near to that minimum;

B) solid solutions which demix into components st temperatures
equal to the miniznum temperatures; 3

6) solid solutions with a small mixeibility gap, the formation of 3
which is associated with a more distinctly pronounced miscibility gap 3
80 that its peak is found in the liquid phase area; :

7) solid solutions with a large miscibility gap;

8) ideal eutectics of the components;

9) eutectics formed by a double salt and one of the components.

1. It has been observed that the scheme given by W. Swigtoslawski 3
concerning the gradual transition of binary mixtures of organic com-
pounds from solid solutions through solid solutions with lirited mutual
solubility to ideal eutectics may also be applied to inorganic ionic com
pounds without or with a weak fonic polarization.

2. A gradusl increase in curvature of the soiidus curve in case of
the solid solations with a minimum and a gradual transition through A
solid solutions with mutual solubility to eutectics of solid solutions hi~
been pointed out. :

3. In binary mixtures of metal chlerides with common anion and
great difference in size of the cation, the formation of a eutectic double
ealt and of the main components is cleary pronounced. A similar in-
fluence in Pase of a large difference in size of the anions in binary mix- 3
tures of salts with common cation is evident. 4

DEXPARTMENT OF PHYSICAL CHEMISTRY, WARSAW UNIVERSITY
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CHEMISTRY

The Influence of Ionic Polarization on the Formation of
Solid Solutions and Eutectics. IIX
by
T. PENKALA
? Presented by W. SWIETOSLAWSKP on March 22, 1955 ‘

The negative influence of ionic polarization on the formation of
4 golid solutions confirmed by Goldschmidt [1], [2] can be investigated
: on the basis of the scheme given by W. S‘\yigtoshj\'shi [3], [4] concerning
the gradual transition from solid selutiens fo"éutectics and organic mix-
tures. This, sgheme i8 algo valid for binarg-systems of inotganic com-
pounds with not too stroxg ionie polarization. Deviations from this scheme
indicate the influence exerted by ionic polarization.

In Fig. 1 binary systems composed by Agl and iodides of other
metals of the firat group in the periodical system have been shown. Ac- 1
cording to Goldschmidt [2] the Ag ion caused a very strong polarization
1 activity on the large iodine anion so that the distance between the cen- i

tres Ag and I ions is smaller than the sum of the radii of these ions. 4
Hence at ihe formation of solid rolutions by AgI and other iodides, the
Ag ion behaves as if its radius were smaller. ;

The Ag ion substitutes the mueh smaller Li and Cu ions in solid 1
solutions of (Ag, Li)I and (Ag, Cu)l, but do not substitute the Na ion ]
in the Agl-NalI system, although the Na ion is similar in size. A similar
1 relationship can be observed in binary systems formed by NaI-KI and o
E NaI-Agl. There exista a solid solution of (Na, K)I although the difference g
in size of the cations itz considerable, but the Nal-Agl system forms ]
1 a eutectic. although the difference in size of the cations here is rather 3
smaller. ]

In binary systems of browides of monovalent metals, we can find
3 gome deviations. which confirm the negative ionie polarization influence
on the miseibility of components with similar ionic dimensions. And
so there exists a solid ~ointion of (K, Na)Br, but KBr and AgBr form
a eutectic, although the difference in size of the cations is here smaller.
1 In case of hinary systems witkout ionic polarization the mutual
g exchange of the same pair of eations take place more easily if the halide
12855
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286 T. Penkals .

3 jons are larger. For example, there exist solid solutions of (K, N&)I and
E (K, Na)Br, while the solid solution of (K, Na)Cl, in lower temperatures
undergo, demixing into pure components, and the KF-NaF mixture

K1(1,33,
Na (1, ( D,)98)

Rb 1 ([!,40
Cul [0.63)

ul(0.8)

Agl 2Rb !

200 ]

Agl *}, mot Me|

Fig. 1. Binary systems of Agl and iodides of mo-
novalent metals. In parentheses, the radii of the ca-
tions in these aystems, in A

- forms a eutectic KF+ (Na, K)F. In binary systems of halide salts, in
which one of the cations caused a strong polarization, this relationship
does not take place. For example: the Nal-Agl system forms a eutectic, f
while the same pair of cations bound with smaller jons forms solid solu- ]
tions of (Na, Ag)Br and (Na, Ag)CL

Summary

5 Deviations from the scheme of gradual transition from solid solu-
3 tions to ideal eutectics in the case of binary systems of ionic crystals
~with strong ionic polarization has been ohserved. These deviations show -
a certzin regularity, viz., the cation with a strong polarization behaves
in binary systems as if its size were mueh smaller than indicated by
the figures iu the tables of experiméntally determined size of jonie radus

DEPARTMENT OF PHYSICAL CHEMISTRY, WARSAW UNIVERSITY
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BULLETIN DE I,'ACADZTE
POLONAISE DES SCIENCES
CL III — Vol. III, No. ¢, 1953

CHEMISTRY

On the Distillation Anomalies Observed in Mixtures
; of Components Forming Ternary Positive-Negative
E Azeotropes and Zeotropes. I

W. SWIETOSLAWSKI and W. TRABCZYXNSKI
Communicated by W. SWIGTOSLAWSKI af the mecting of May 16, 1955

I Observations of Ewell and Welch. In 1945 some interesting phe- 3
nomena were described by Ewell and Welch [1] with regard to ternary ;
svstems 1 which two of the components formed with each other a binary G
4 negative azeotrope and with the third, a ternary zeotropie or azeotropic E

1 mivture. Owing to the shape of the tridimensional boiling temperature ‘
. isubar (p=1atm.), & top-ridge curve divided the Gibb# triangle of con-
centrations into two parts. Only one system, that composed of chloroform,
acetone and methanol, formed a positive-negative azeotrope. The latter 3
E st.ll represents a unique example of a ternary saddle azeotrope which ’
] does not contain water. According to the classification suggested by 3
3 one of us [2], it belongs to the first group, and its formation is due to the 4
1 differences in the van der Waals forces acting between the molecules
E of the three components. E
3 The anomaly taking place m the course of a fractional distillation
of mnxtures, formmg systems characterised by the presence of a top- ¥ 4
ridge condensation temperature isobar consists in the forming of several
dustillation levels, one of which, found in the middle or not far from the
last level, is characteriSed, by a lower condensation temperature than
that of the twu neighbouring ones.
Several years later Lang [3] cunfirmed the existence of these ano-
mulies. In both the above-mentioned papers, however, no observations 3
were made with regard to the changes in composition of the fractions
3 collected and of the bottom products remaining after each successve
' removal of the distillate. Another paper of Haage and Lang did not contain
either sufficient data [3]. Becuuse of that, no graphical presentation
k: could be made of the gradual changes in the compasition of the fractions :
colected and of nuxtures found in the flask and in the column, E
; [333)
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334 W. Swietostawski and W. Trabezyaski

2. Behaviour of Ternary Positive-Negutive Azeotropes Belonging to
the Second (rouwp. The purpose of the present investigation was to exa-
nmune the hehaviour of a new group of termary positive-negative azeo-
tropes formed by a weak organic (acetic) acid, 4, a weak' organic (prn
dine) base, I, and a hydrocarbon, H. In our case this last was the normal
octane, Starting with 1952, a relatively large number of ternary saddle
azeotropes of this kind were examined in our laboratory and some oi
them were deseribed [4], [5), [6]), [7]. They did not contain water and th.
- 3 negatine azeotrope [(—)A, P| was formed as a result of the chemieni

acting forees of an acid and a base.

For the first example there was chosen a saddle azeotrope in which
the top ridge condensation temperature isobar lay'not far from the line H (',
as shown in Fig. 1. In addition, the point (+)Az, corresponding to the

composition of the ternary saddle azea-
R trope. is lucated closer to point H
and snmewhat higher than point AM,.
which hes ulso on the top-ridge curve
but corresponds to the maximum con-
vexity of the top-ridge lme. Its location
is higher eompared with other mixtures
represented giaphically by the same
top-ridge curve HJMC.

There 1z another factor whieh exerts k.
an influence on the distillation anoma- ]
lies in the casc of the saddle azeotropes
: examined in our laboratory. It consists
3 Fig. 1. Distillation fields of a ternary it the large variety in shapes of the top-

3 positive negative azeotrope [(—)4. ridge condensation temperature isobars

4 Le-yH]. all of them. escept V and P1, g9 jn the locations of point (+)d:,

;f’lr(';"":l'::'\“ll‘l:b :J;ll::d;of:i“ollll{:)sf. corresponding to the composition ot 3

1 MpC 1imansumed that section (£) 4> The ternary positive-negative azeotropes ;

) s practically a straight line. In this investigation we chose the cam .

graphically presented in Fig.1.
3. Distillation Curves and Material Balance of Distillate Fractions ]

and Mixtures Remaining in the Flask and in the Colummn. In’ Fig. 1.

; points 1.2.3, 1 and 5 represent the respective compositions of the initiul

! mixtures subnntted to fractional distillation. All details concerning these

five distillations. including the analytical methods used for determining :

the compositions of the numerous fractions collected, will he published 4

elsewhere. In this parer are described the most interesting experiments
observed i the conrse of fractional distilation of the mixtures repre y
sented by pomts | and 5.
The distillation eurves are shown e Ihigs. 2a and 24. The concen 9
tration tnangles are presented in Figs. 3a and 3b; in each of them carves / , :
] :
3 3
2 s
f 3
p k:
« b
;
4 K
; ki
]
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4 ;
and I7 correspond to the compositions of the fractions coliected (I} ..o« 4
k. of the remaining material (17) found in the flask and in the distillit I 4
1 column. E
1 It should be noted that point 4 lies between points (4)4: and Mp. E
3 - Pomt 5 is located on the top-ridge curve below Mp. 3
. ” — T I A
\ i
o} -+
p ' } 1
1 20 i
! ]
k. 9 i
[ 2 K] 50%G E
f Fig. 2a Fig. 2 4
3 Fis. 2a and 2b. Distillation curves of mictures 4 and 5. No horizontal level cor- ;
1 responding to the boiling temperature of the positive azeotrope (P, H} is found on E
3 carve 20 A pronounced temperature decrease corr ponds to the m t when the ,,
total reflux has heen established in the column,
> i
7 9
3 I Y
2 [m.0] ¢ 3
| Fig. B Fig. 34
j Fige, 3a and 34, The composittons of the fractions collected when distilling mixtnres
3 4 and 5.oare shown on eurves [, and £,. and those of the hottom mixtures found 3
in the flask and in the column (hold up) are represeuted by eurves If, and I1. E
At the beginning of the fractional distiliation of mixture 4 the positive
3 binary azeotrope [P, H] wax eollected in the receiver. Seetion 4 on the 1
1 “bottom product curve™ [7, s practically # straight lne. In the next
stage the fractions collected (section €' on ecurve J ) have the compo- “
. sition equal or nearly equal to that of the ternary saddle azeotrope ( - .1z, 4
The flat surface of this part of the tridimensional isobar, as well as the :
E analytical errors in determining small amounts . the fractioi. » o k.
; 3
i lected mmst be considered as responsible  for the dissipation of i » E
3 points lying in the flat regions At thix stage o7 the diztllation #, . E
3 g
R f.
4

-

- i
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3 336 W. Swigtoslawski and W. Trabezyiski
'- position of the mixture found in the flask and in the hold-up of the column &
3 underwent changes, so that at the end of the distillation point B was 4
reached. This point lies practically on the straight lire connecting pomnt

1P, H] with [(—)4, P]. At that moment there was not enough liquid rv ]

continue the distillation. One may assume, however, that a “straight

hme' distillation would have been followed, associated with a new drop
] in the condensation temperature. This would be associated with the
g distillation of azeotrope [P, H]and afterwards with that of the negative one.
The fractional distillation of mixture 5 has been assoc:ated with the
particularities shown m he graph of the two curves {5 and /I (Fig. 3b).
No horizontal ievels were found in the course of the fractional distillation
representeidd by the curve in g, 2b. Instead, & series of middle frac-
; tions appeared, which corresponded to misture of [P, H] and (442
with an excess of the positive azeotrope in the first stage, and u deciexare
] in the concentrations of [P, H | m the second stagé. Aftervards, the suidle
azeotrope (£)A2: was collected and at the end of the distilfation a8 mux-
3 ture very similar to the composition of the negative szeotrope was found
b m the bstillate
The shape and the Tncation of eurve {fsshow the compositions shifting
tewands the left side of gu; main line HC. This correspunds to the higher
eoncentrations of acetic acid compared with the last sections of curve Is.

e

i
4

) It 1s prohable that some thermal decomposition of the liquid in the flask

4 was responsible for thus shifting, It may be, however, that during that 4
o part of the distillation a new anomaly had appeared s0 that more pyridine 4
3 passed o the receiver during the last stages of the distillation. Owing ;
P to this, both curves 5 and 175 have been shifted to the left side of the 3
4 triangle,

E It should bhe noted that a relatively large section of the distillation

L cunve [y practically merged with the top-rigge condensation temperature

: wsobar H Mp(, 3
4 We w, i to express our thanks to W. Michalek tor helping us with 3

the distillation expernments and with the analytical work.

Summary

1 [he recenthy mvestigated new group of fernary. posiive-negitive azeotropes,
containg a weak organie acid. a weak orgame base and a hydrocarbon, shows dwtil d
lation anomahes sinnlar to those found for a known saddle azeotrope composed of chlo
roform  acetone and methanol ().

2 Fhe saddbe szentropes o 3 Le contanungg acetie acd, 1L pyrhine, £, and normad

4 ot L contans Jess pyndme than the unxtiure represented by point Me. which 3
i Hes on the top tuhec obar and corresponda to the mixture characterised by 1ts waximmsy B
4 convexity The top ridge enrve is located closer to the main hine H(' as compared ]
3 - :

:
P o
3 E
5 1
3 ]
1 - f
R E
E:
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3. The material balance of the fractions collected (curves I, /,) and of the mit-
tures remaining in the flask and in the column (curves II,, IT,} wax presented graphi-
cal' 1n Figs. 3a and 3b for the two most interesting caass (points 4 and 5 in Fig. 1y

4. In the case of the fractional distillation ¢f the mixture represented by poiat 4,
] 1t was found that at the erd of the distillation the bottom product in the flask cor-
£ responded to 8 mixture of the negative azeotrops {(—)4, P] and the positive one. [P, H}. 9
The lant section of curve I, is's atraight lice inclining nnder an acute anglo to the main ;
Jne HC'.

3. 'fhc fractional distillation of mixture & (Fig. 1), represented by point ¢ lying ;
Jower than Mp showed abnormal distillation phenomens in tho first stage nf the distii-
Jation. At the end, both the last fractious collected (I,) aud the mixtures found in the
flaxh after each partial distillation (I1,) werc shifted towards higher concentrations of
acene acid (4) as pared with the tent of 4 in the negative areotrope iorEid
w1 and P. 1t maj be that this pl non was iated with snme thermal decom-
poetion of the reeidue in the flask. -

PHYSICOCHEMICAL INSTITUTE OF THE POLISH ACADEMY OF SCIENCES 1
DEPARTMENT OF PHYSICAL CHEMISTRY OF ORGANIC RAW MATERIALS 3
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A Method for Determining the Composition of Quaternary
Azeotropes and the Position of Heteroazeotropic Lines

4 by
K. ZIEBORAK and A. GALSKA

Communicated by W. SWIETOSLAWSKI at the meeting of May 13, 1955 .

A
.

1. Introduectory remarks.

A method for determining the composition of quaternary azeotropes
was suggested recently by Swietos'awski [1]. This paper resulted from
Zieborak’s [2] observation that some paraffins such as isooctane, n-heptane,
: and eyclohexane, forng quaternary azeotropes with benzene, ethanol and
1 water. In this paper another method for examining the composition of
quaternary heteroazeotropes is presented. This method may be applied
in all cases in which the determination of the concentration ratio of two
components, e.g., B:C, for an azeotrope obtained by fractional distil-
lation is an easy operation. First, it is necessary to find the position of
the heteroazeotropic line on the models shown in Figs. 2 and 3. Once that
. is done, the composition of the azeotrope under examination may be
3 found by determining the composition of only one of the components
in the azeotrope obtained by careful fractional distillation.

9, Preparation of substance.

In our investigation the system composed of benzene (B) — cyclo-
hexane (C) -- ethanol (E) - water (W) was chosen. Both benzene and
cylohexane were thoroughly purified by rectification of the chemically
pure reagents. The benzene sample was found to be of the fifth degree
of purity, according to the ebulliometric scale [3]. In fact the difference
between the boiling and the condensation temperatures 4t was equal
to 0.002°C. Cyclohexane of the fourth degree of purity was obtained
V (at==0.009°C).
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3. Met

Two Swictoslawski cbulliometers were used,

taken 1n a strictly comparative way ag desc:

graph (3]

4. Tery

hoits of investigatioun.

one differential, the
changes. Measnrements were

ling pressure
ribed in Swigtostawki’s mono-

other one-stage for control

ey system (C,E,W).

First of all the position of the heteroazeotropic line in the ternary

system (C,E, W) was determined.

J,!l
ol
! N
o an
; d;
oy o4 .
Co
|
< 2.at 24}
Loy

Fig 1. Determmation of the position »f

the heteroazeotropic hne FGI
system cyclohexane (C) ethanol
ter (W). The upper part shows tne

in the boiling temperature (o sud 1w the
condensation temperature { caused by
the change in the water content of the

mixture.

exuination, expressed
18 T07(E), $.80(W)
-

Mixtures of cyclohexane and ethanol,
their composition heing ndicated in
the concentration triangle by points
1». D" and D' (Fig. 1) were succes-
sively introduced into 2 differential
ebulliometer. Nest. small portions of
water were added, the boiling and
condensation temperatures of the
mixtures being observed after each
addition. In three snceessive series

! of measurements 4, Ay, 45 (upper

part of Fig. 1) curves were obta-

ined which showed abrupt minima of

! temperatures 1, and of condensa-

tion temperatures .. These minima

corresponded to the crossing  pomnt
of the heteroazeotrope line. Thus,
by projecting these minima on
to Gibbs' concentration triangle

(Fig. 1) the pusition of the hetero-

azeotropic line F@/ of the ternary

(C, E, W) svstem  was graphically

represented.

The boiling temperature azeo-
trope of (C, E, W) was found to be
equal to 62.60°C4-0.05°C. The mixture

i

in the represented graphically by point 1
(E)-wa- was rectified, the eyciohexane con-
changes . ni wwas determined in the distillate,

and the coutentr of the other com-
poeLents were compuied on  the
basis of the diagram (Fig. 1). The
composition of the azeotrope ander
-as as follows: T0H.5%(C)

weight per
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" 0 5. Quaternary system (C,B,E,W).
The geometrical representation of any property of a quaternary ;
E system may be realised in different ways, one of these ways being by the :
° methods proposed by Fiodorov, Boecke, Radischchev [4]. When it iz 4
1 necexsary to define the compogition " ]
of a quaternary mixture, then 8 i
3 a tetrahiedron is mostly used. If, & . E
3 however, some properties of the 200 ® {
E svstem  are to be represented, \
4 projections outo the tetrahedron 1] 20 .
e used. While examining the \ 3
< atem under consideration, it was w2l s ® ¥ L 9
3 observed that among the four { 3
corresponding  ternary  Rystems: 1 4

00 o e T o
A L

L4 i 1
b N 3
.
3
]
3 ]
» A

Fig. 3. Determination of the poxition of
the heteroazeotropic line in the ME 1"
section for which the ratio BM:M(
const.~ 2.7; tg und I boiling and
condensdtion temperature wobars weuasn- 4
red by a Swietostawski ebulliometer.

Fie. 2.\ regular trisngular prism; B -
henzene, £ ethanol. W  water, (
evelohexane. AZ and AZ’ the heteroaze.
atrope linesin the (B, E, W) and (C, E, W)
azeotropes; HH' the heteroa~eotropic line
of the quaternary azeotrope (8,0, E, I¥).

(B, E. W); (C, E, W); (B, ¢, E); (B, C, W) two are very similar to cach
other, namely the (B, E, W) system investigated by Barbaudy [H] and
the (¢, &, W) one just described, In both these systems ethanel plavs the :
vole of a homogeniser because botl benzene and eyelohexsne are pravh 3
cally insoluble in water. Moreover, the azeotropes (C W ead (8P 2
4 are characterised by lower boiling temperatures than the two otie:s s
3 specificity of the (C, B, E, W) system leads us to nsc a vegulut tranguto:
] prinm for representing the composition of quaternary mixtures (& 00© ]
In a further continuation of the experimental woih, the post.
of the heteroazeotropic line lying in the MEW section of the reguis
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prism was determined (Fig. 2). This section corresponds to quaternary
] smgtures characterised by a constant concentration ratio of cyclohexane
3 .nd benzene. As mentioned above, this ratio may be determined quite
3 vasily (2). For the quaternary azeotrope it was as follows; BM:CH=2.7:1.
The results of our measurements are represented on the concentration
nangle (IMig. 3); the mixture of cyclohexane and benzene, being constant,
may be considered as one component. The position of the “heteroazeo-
tropic line” 1n a quaternary system i8
medial to its position in the correspon-
] ding (B, E, W) and (C, E, W) systems,

as shown in (Fig. 4).
In order to determine more precisely
the inclination of the hetercazeotroyic
line III in a quaternary system in rela-
tion to thé two others (I and IT). two
» geries of measurements were carried cut,
8¢} in which the boiling and the coudensa-
sig 4. Projeetiows of tleehetero gy, tomperatures were determined for
azeotropie mes [ i 1T on tho o oopnonemt  wixtures fovmed by
prism plaae (Mig. 2) corresponding o .
4 to the (B.E,W), (C.E,W).(B.C.E,W) miving three-component .mixtures, Te-
g systems presented on the model (Fig. 2) by points.
. A and Z on one side and A’ and Z’ on
4 the other. In hoth cases the minimum boiling temperatures werggfound,
‘ and these enabled us to determine more precisely the position of the bete-
; roazeotropic line HII'.

Fipally, the quaternary azeotrope was prepared by careful recti-
: fication on a column provided with a special head for the distillation of
3 heteroazeotropes. The weight per cent composition of this azeotrope was
determune i and was a3 follows: 54.39/,(C), 19.29/o(£), 6.1%/(W), 20.4%/4(B).

Summary

I ‘The composiion of a quaternary heteroazeoirupe formed by cyclohexane (C)
benzene (£, ethanol (E), and water (W) waa determined. [ts romposition expressed in
weight per cent 18 as follows: 54.3%, C, 20.4° , [5; 18.2%, £, 6.1°, ¥, and its boiling
temperature 1~ 2,149, (- 0.05°C). Theso data differ slightlv fror those given earlier [2].

p 2. A wethod was deseribed for the ebulliometric di ermination of the position
; &t the heternuzeotropic line m a quaternsry system. This method is based on determi-
; nation of the concentration ratio of two of the components. thuse that are mosat closely
related as regards their physicochemical properties. In the case under consideration
; these were beuzene and cyclohexane.

E 3. A\ model of a regular triangalar prism was used for reprosenting a four-cumponent
1 s¥8tem in which two substances are present, not mixing with the third one. Such a method
3 uf systen representation facilitates the construction both of tie- and heteroazeotropic
lines.
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A Method for Detormining the Composition of Qualernary Azeotrspee 3

4. The composition of the ternary heteroazeotrope (CEW) was determned. b
contains in weight per ceat: 75.5%, C; 19.7%, £ 4.8%0 W; and is characterised by » boil- E
The hetoroazeotropic line forms the smiallest acuts angh

: g temperature of 62.80°C. ]
with side EC (Fig. 4). E
i
E We express our thanks to Professur W, Swietoslawski for his val 1Da 3
4 : advice.
3 DEPARTMENT OF BASIC ORGANIC RAW MATERIALS,
- PHYSICOCHEMICAL INSTITUTE, POLISH ACADEMY OF SCIENTES 4
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CHEMISTRY

Azcotropic and Polyazeotropic Systems. XXI.
A Series of Saddle Azeotropes Formed by Acetic Acid,
Pyridine and Paraffinic Hydrocarbons

by
K. ZIEBORAK
Preseated by ne SWIETOSEAWSKI on Auqust 18, 1455

- 1. Introductory rcmarks

Some vears ago Swietostawski [1], |2] classified negative binary
amd positive-negative azeotropes with no water 2 component. Since
1931, a number of ternary systems belonging to tu: latter group have ;
heen investigated in our department, but only & .ew numerical dats 1
have heen published [3]. [4], [3]. The present publication concerns u se-
ries of saddle azeotropes which are formed in ternary systems consisting
of one non-polar compenent (a normal paraffinic hydrocarbon) and of
two polar components, these heing acetic acid and pyridine forming
+ hinary negative azeotrope {( (A, P)].

2. Experimental metod§ and substances used

In the present mvestigations. the method of ebulliometrice méasur -
ments was used (2], |7]: 2 three stage differential Swietoslawski’s ehul-
hometer was applied |7} Sufficiently pure and dehydrated acetic acid :
E and pyridine were prepared. Normal paraffins were prepared from syn-
§ fane fraction by removing unsaturated hydrocarbons and submwsion to

two successive fractional distillations. Further detaild concermng the
method will be published in Roczmki Chemu,

3. Results obtained

First to be mvestigated was the ternary system composed of o hop-
tune, aeetie acid and pyrdine, in which the formation of a saddle azeo-
trape was proved. Table 1 gives numerical data concerning this avetem
Phey <show some improvement ou those published in a poevie « pubh- [

]
i
4
K
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cation |3]. Fig. 1 represents the projection of i top-ridge line on the :
; concentration triangle in this system, together wib u probable location ‘
. of the bottom concavity line joining two points corresponding to the 3
E composition of the two positive azeotropes [P, H,] and [4, H,] boiking 4
, at tpg and tyy. .
E Next, in the same way, the system composcd of n-octane, aceti
E acd and pyridine, as shown in Fig. 2, was examined by Brzestowski [8]. .

Tn this system, not only is the location of top-ridge line designed by the 1

i A
i ]
. A
3
3
3 :
| b
K ki
|
:, Fig. 3 ’
Fies. 1 -4, A serses of teenary dingrams. On each of the concentration wrangles, A, ¥
1 and H represent zectie acid, pyridine and one of the puraffinic hydrocarbons of se
A ries (H). H, 15 a-heptane, fl, n-octane, 713 n-nouane, He n-decane, At the same time, E
- b the three sides of the triaegde vepresent the projections of the builing temperature 3
3 Jnobars eximmed by the use of the ¢bulliometric method. Peints £, /). and C corres- 3
{ poud te the concentration of twe hinary positive azeotropes and one negative. The
e jounng B owith (s called the main line. This coincides with the projectinn of the 4
3 hortingr temperature isobars obtained for mixtures of |(—)(d, P’)] with H. For desig 3
9 watmg the mimmum boiling temperature on this isobar, symbol i 18 used. 0 Az(" 1
2 v progection of the top ridge curve on the concentration triangle. Point s repre 3
1 wpts the composttion of the ternary posilive-negative azeotrope.
z ]
‘y’ i
3 9
1 3
b
4

.
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Azeotropie and Polyazeotropic Bysiems
... e =
method described by Swietostawski (2], but also the shape of the Fui b
oconcavity isobar E,Az,M,D, was ebulliometrically exammuied. The eou 4
position of the saddle azeotrope in this and further aysterms Won tl.eu
agcertained by means of 2 tractional distillation of an appropriately 4
chosen mixture. The composition of the fractions cullected were verifisy -‘
by complete chemical analysis. E

The system composed of n-nonane, avetic and pyridine, was mve-
stigated by Drozdowsksa [81. In this system the binary azeotrope com-
posed of n-nonanc and pyridine is almost tangent. It is characterized
by the azeotropic depression of 0.22°C. The projection of the top-ridge
line CAzH, ou the concentration triangle APH, is, as in the previous
systems, slightly shifted from the main line CH, towards the left sude
of the trinngle. The system composed of n-deecane, acetic acid and py-
ridine was examined by Turski [8]. It i8 characterized by one binary 3
positive azeotrope [H,A] and one positive zeolrope [HP). In spite of 1
the latter, a saddle azeotrope Az, was found, a8 shown in Fig. 4. :
We were able to prove that n:undecane algo forms 2 ternary po-
wtive-negative azeotrope with acetic acid and pyridine; we found, how-
ever, that the substances used in these experiments were not sufficiently
pure, This system will be reexamined once more and the numerical data
will undergo verification.
In Table I are listed the boiling temperatures and compositions 3
of the ternayy poaitive-negat.ive azeotropes [(—)(4,P) (+)Hi), examined,
the latter being expressed both in weight and mole per cent. 3

TABLE 1
Boiling peratures and comp iti of positive-negative izcotropes 3
Boiling | Composition — I Composgition -- fi
temp. of weight per cent ! mols per cent i
\ame of systew gm?d]g - ] I — 7
MISOURPS g a4 j P M |4,
- -— \ - ——— — - — - ‘ 3
\cetic acid--pyTi- 1
dine and ' 3
n-heptane *) 96.5 34 ' 108 i 860 5.0 | 128 K22
n-octane 167 104 | 201 ; 695 | 168 < 246, A8E E
s-nonans - 1280 209 ' 20.3 | 40.8 l 312 ! 3368 352 3
» decune 134.1 314 382 l 304 ' 430 | 398 174

*) values veritied and romewhat changed.

Table 11 shows the compositions and boiling temperatures of cor
rexponding binary azeotropes. As regards the azeotrnpes formed by ant
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acid and a serics of normdl paraffins, Kurtyka’s data [6] were used
The boiling temperature isobars formed by pyridine with correspondiny 3
paraffing were examined by ourselves. 3

TABLE 11 3
Binary positive azeotropes of pyridine and acid with normal pumrfum hydrocartn ¢

System of azeotro; Azeotrope Doilin, Composition- K ‘omposition i
(P, H;) and (4, }M temperature — g lwclght per cent ﬂi[ per cent J7
[ Pyridine and f , :
4 n-heptano ! 95.6 4.7 0.0 ]
n-octane ! 109.5 43.9 5.0 3
E n-nonane - 115.1 i 10.1 65
n-decane’ zeotropio mixture 3
Acetic acid and i "
3 a-boptase . 13 BN } 870 Ml 3
n-octane | 105.8 ; 4.0 3L .
3 n-nonané. 113.0 I 310 173 i
' #-decane 116.95 i 20.5 8.9

. - 4. Discussion OWB

3 In Fig. b sre given the composition in weight percentages of o o 3
ries of ternary positive-negative and bingry azeotropes. In Fig b, ... ;
, binary and terna.rv saddie azeotropes examined are together graphicully
" represented on a gingle diagram, the weight percentages heing replaced

by molar ones. It can be readily seen that the points earresponding 1o
) the compositions of the saddle azcotropes lie on a common curvs
3 Az Az Az, Az, and that the straight lines drawn through the pomts r
presenting the concentrations of binary (A, H;) and t«-nun‘x (£VAs e
tropes, eross at a common point 7’ (Fig. 6).

The composition of positive-negutive azcotropes chumges with th 4
hoiling temperature of corresponding hydroecarbons. Certain important i
regularities are obvious. The concentration of acetic acid m a series o k
azeotropes appeurs as & linear increase, while the hange in the con
E centrations of pyridine and the corresponding paratfinic hydrocarbons
18 shown graphically in the form of u curve simiiar i shape to a para 3
bole (Rig. 7).

The boiling temperature range of hydrocarbons formurg pusitive f
negative azeotropes with acetic acid-pyridine, may be approximately de
termined by extrapolation of the data given in Figs. 6 und 7. This rang 3
1w located approximately hetween 90°C. and 2000, \ moré detaled E

3
B
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w Azeoiropio and Polyazeotropic Systems L il 3
e ’ aualysis of experimental dats, which, in view of exigencics of 8pact: ‘-
can bub be touched on in this paper, ghows that the compositicns and -

3 Doiling temperatures of mixtures represented by points lying on th-
M ‘;
;

Fig. 6. A sories of ternary saddle

Fig. 5. A series of ternary saddle
azeotropes [(—)(1, F), (-+)(Hnl
formed by 4-ncetic acid, P-pyridi-

azeotropes. The compositions are
expressed in mole per cent. A de-

tailed explanation of symbolg is k.
given at Fig. 5. 9

ne. Hi — n-paraffinic hydrocarbons:
; (H,P). (H,P), (U5:P). (Hid), (Hsd).

E (Ha4), (Hid) [(=)4, )]
. 3 binary azeotropes; (+)dzs — com-
E positions of the saddle azectropes.
3 in weight per cent. 9
k- (20 b
3 ,
3 oo CeHs M mol % :
[ i
3 N \ 3
E N, \ . \\\\\‘ ]
. s AN
] v NSRS
AN NS
! \ AN
too - © i,C00N mol % 4
‘ |
k&Y e “r 5n o 200 o
1 . [ -
3 1. 5 Mole concentration changes in sories of saddle azeutropes [(—=)(4, P), (+)Hal E
VH,} as o function of boiling temperature of the non-polar componeut hydrocarbon H;. E
: tay rdge hne may, i the boiling temperature isobars for ail of the bi- 1
'3 nary systems are known, be determuned with sufficient accuracy. Suach 4
4 , generalization may prove to be a first step towards further under 3
randing of the phenomend under investigation Tt is alse possible te
"4 "'r’
] 3

I e
Il Declassified in Part - Saniti
itized Copy Approved for Release 2014/06/19 : CIA-RDP80-00809A000100150013-5



'

Delassified in art o iti o for
- Sanitized
Copy Approved for Release 2014/0/1 : CIA-RDP80 ‘ ‘
: - -00809A0001001500 '
13-5 §

et i
&

ter-
e of
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caloulate fairly accurately the boiling temperature depression of 8
nary saddle ageotrope in comparison with the boiling temperatur
| a binary negative azeotrope (=14, P if one considers the latter a8
i one of the components and applies & correlation similar to that apphed
3 by Lecat [9], OF recently by Malesifiski [7} with regard to 2 geries of bi-
nary 8zeotropes. For this purpose, it seems to be reasonable to us¢ w
equation in which the square root of the value of azeotropic depresst
& o function of the boiling temperature of the non-polar component H ‘

5. Concluding remarks

formed by & non-polar component
. ) and & weak base (pyri\lme),
] enable an interpolation of the ;
: ¢compositions and the boiling temperatures of azeotropes {formed by cor- E
; vesponding pu.miﬁnie hydrocarbons. It is worthy of note that the pru- 3
jection of the top-ridge line is slightly shifted from the main line tonants 3
the “pyridine” side of the concentration triangle. This ma¥ te explaned
by the fact that the azeotropic range of pyridmne ZAE)) 8 smaller tion
that of the weet?C acid Z.(H,) in relation o & series H of orregpeinih.
f)f(li’U-":ﬁﬂumi. This means that the boiling temperature igohsrs 1 b
pary SyBLOTAS of acetie avid snil hydrocarbons &vé charaeterized by m 1
nims oo ihe e srresponding inobars lying nwuch lower in comparison with 3
the boling temperatures of corresponding mixtures of pyridine and
hydroearbons. Hience, & greater convexity appearsd on the tridimensiousl ;
surface of the boiling temperature jgobars in the part adjacent t0 the
side AH;. This favours the shifting of the top-ridge line towards the 3
PH, side. Further details concerning this matter will be published else 3
where. It should be emphasized that the top-ridge line projection 1% ul
ways shifted from the main line towards the greater content of that
azeotropic agent which has a lower azeotropic range in relation to & 8¢
rnes H. Some exceptions seem to exist in instances in which ty,> 14 setp

1 1 am greatly indebted to Prof. W. Swietoslawski for enabling m¢
le advice. I wish

In a sertes of suddle azeotropes
(hydmmrb(m), a weak acid (acetic acid
there appear certain regularities, which

Lo carry out these experiments, as well as for his valuab
nks also to Mrs M. Zieborakowa and T. Drozdo-

L
1 to express my tha
wrkive W Brzostow T o.x‘perimentn\ly investigating

\ry NYRICTNS.

gk1 and A. rPurski o

mdividual terns
] Summary
ative (auddle) azeotrope=

L wais nude of 2 series ofs pusitive-nog
n-nonane and

1 \n myvestigutior
o with paraffins: n-heptane. n-ootane,

avetc and pyridin

formed by

o deenut.
LIERY gx-nmmrn-ul ;,:«-ucralimﬁon was given, establishing the correlation between
otropes and {he saddle termary

the compasitions of the hinary poritive pairs of aze

Az TNpe.

b
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; i S g/ nd Polyazeolropto Hhystoms = . ——-- ~— :
3. It was established that the shape of the tridimensional surface of the hoiliar A
remperature isobars in positive — negutive systems, as well as tuat of the top-ridge
4 line or its projection, depends on the values of the azeotropic ranges of tho weak ueid 3
4 and the weak hase in relation to 2 series of non-polar substances, €. & hydrocarbone. P
DEPARTMENT OF BASIC ORGANIC RAW MATERIALS, 3
PHYSICOCHEMICAL INSTITUTE. POLISH ACADEMY OF SCIENCES 3
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